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EXECUTIVE SUMMARY

The Office of Research and Development (ORD) of the U.S. Environmental Protection Agency
(EPA) initiated the National Human Exposure Assessment Survey (NHEXAYS) in the early 1990's. [t
was a popul ation-based pilot study of the exposure of over 500 people in three areas of the U.S. to
metals, pesticides, volatile organic compounds, and other toxic chemicals. Measurements were made
of the air people bresathed, the foods and beverages they consumed, and the soil and dust in/near their
home. Chemicdsin their blood and urine were measured. The participants a'so completed
guestionnaires to help identify possible sources of exposures and to characterize activities that might
contribute to exposure. To this date, NHEXAS remains the largest multimedia, multipathway,
multichemica study of itskind. Key godsincluded evauating the feesibility of conducting such alarge
study, documenting the population distribution of exposure to the chemicals examined, understanding
the factors that contribute to high exposures, and improving the accuracy of exposure models.

Such astudy produces a multitude of data that must be thoughtfully analyzed to redize its full
potential. EPA’s Science Advisory Board recommended that EPA develop a strategy to andyze the
data to ensure the optimal use of the data (EPA-SAB-IHEC-ADV-99-004). Therefore, ORD
developed this Strategic Plan. ORD began with aworkshop at which about 70 scientific and policy
experts from ORD, EPA program offices, EPA regions, other federal agencies, state health agencies,
academia, and private indtitutions offered their suggestions on the most useful andyses of the NHEXAS
pilot data. ORD used their thoughtful contributions as the basis to begin development of the Strategic
Fan.

The Strategic Plan describes projects in Six topic areas. descriptive statistics; predictors of
exposure and dose; spatia and tempord variability; aggregate exposure, pathway andys's, and
cumulative risk; evauation/refinement of current exposure modds and assessments; and designing
exposure sudies. Criteriawere established for ranking projects within each of these topic areas. The
text describes how the criteria were applied to each project. The projects are described in the
gppendix. The criteria are founded on both the near- and long-term value to EPA. This prioritization
will be used as aguide for ORD to implement the andyses. To expand the opportunities for dl
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interested persons to get involved, the NHEXAS information is being prepared for entry into a
publically available database, with appropriate metadata, in late 2001.

1. INTRODUCTION

To evauate the risks posed by chemicd pollutantsin the environment, the U.S. Environmentd
Protection Agency (EPA) must be able to estimate the number of people exposed to the pollutants, as
well as the magnitude and duration of the exposure. Typicaly estimates of exposure have been based
on “default assumptions’ such as emissons or environmenta concentration data, rather than actua
measures of human exposure to contaminants. Without measurements of human exposure, these
default assumptions are of limited vaue because they do not reflect actua patterns (distributions) of
human exposure to chemicas in the environmertt.

Increasingly, EPA’s stientific advisors are concerned abouit reliance on these default
assumptions—particularly when evauating the risks from exposure to environmenta contaminants or
when estimating the benefits that may be obtained from managing theserisks. Addressing these
concernsisavitd link in reducing the scientific uncertainty in hedth risk assessment and in regulatory
decison making.

To respond to these concerns, EPA’ s Office of Research and Development (ORD) sponsored
three related pilot studies known as the National Human Exposure Assessment Survey (NHEXAS).
The NHEXAS studies tested protocols for acquiring population distributions of exposure measurements
and developed exposure databases for use in exposure models and assessments and, hence, risk
assessments. The principa objectives of the NHEXAS pilot sudieswereto (1) evauate the feasbility
of NHEXAS concepts, methods, and approaches for the conduct of future popul ation-based exposure
gudies, (2) evauate the utility of NHEXAS data for improved risk assessment and management
decisons, (3) test the hypothesis that the distributions of exposure given by modeling and extant data do
not differ from the measurement-based distributions of exposure; (4) define the distribution of
multipathway human exposures for ardaively large geographic area; and (5) stimulate exposure
research and forge strong working rel ationships between government and nongovernment scientists.
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During 1998, the Science Advisory Board's (SAB’ ) Integrated Human Exposure Committee
(IHEC) conducted areview of the NHEXAS pilot sudies. The SAB issued areport of their review
early in 1999 (Appendix B). Thisreport—An SAB Advisory: The National Human Exposure
Assessment Survey (NHEXAS) Pilot Studies (EPA-SAB-IHEC-ADV-99-004, February
1999)—praised the NHEXAS pilot studies and recommended several actions to ensure that as much
benefit as possible is derived from this very rich database. One mgjor recommendation was to develop
adrategic plan for completing the andlysis of the NHEXAS pilot data.

This report represents the strategic plan requested by the SAB. To devel op background
information for this rategic plan, ORD convened a workshop from July 26 through 28, 1999, to
obtain awide range of expert opinion on which scientific andyses would be helpful to interpret the
NHEXAS data. The scientific analyses identified during the workshop are documented in a report
entitled Proceedings of the NHEXAS Data Analysis Workshop (EPA 600/R-99/077; October
1999). An dectronic version of the proceedings document is available on the Internet at
www.epa.gov/nerl/nhexas. The proceedings document represents one significant source of information
considered by the authors of the ORD strategy for the analyses of the NHEXAS pilot study data.

Two projects discussed during the NHEXAS Data Analysis Workshop are not induded in this
srategy: aproject to develop and review a publicly accessble NHEXAS database and a project to
document the lessons learned from the field recruitment and sampling portions of the pilot studies.

ORD initiated work on these projects during FY 99 because they represent essential precursors to the
data andysis projects discussed in this plan. For example, many NHEXAS data analyses described in
this report cannot proceed until ORD completes a publicly accessble database. These projects are
described in more detail in Appendix C.

This report incorporates both strategic objectives and a description of projects arising from those
objectives. On one hand, it has more structure than atypica strategy because of the need for a
framework for dlassfying and describing alarge number of highly related andyses. On the other hand,
it avoids the prescriptive gpproach of a detailed workplan to permit researchers to engage their
credtivity and expertise in defining the details. Although this approach represents more narretive than
that found in some drategies, it represents a necessary e aboration on the extensive information
presented in the two documents cited above.
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Section 2 of this gtrategic plan contains an overview of the NHEXAS pilot studies to provide the
background on the broad types of data available. Section 3 describes the Strategic framework that
ORD developed to prioritize and recommend analyses of the NHEXAS pilot study data. Section 4
summarizes the anayss projects and presents the priorities for implementing them. Appendix A ligs
the participantsin the July 1999 NHEXAS Data Analysis Workshop.  Appendix B briefly reviewsthe
findings of the February 1999 SAB advisory review. Appendix C describes the ongoing analyses,
including the development of the database and the scope of the lessons-learned project, and lists the
titles of NHEXAS papers that have been published or arein preparation at thistime. Appendix D isa
listing of the priorities for dl of the projects. Appendix E contains the description of the projects
referred to in the main text.

It is clear that many organizations and individuals are interested in the NHEXAS databases, in
learning about the mgor findings of the NHEXAS pilot sudies, or in performing their own anayses of
the data. ORD plansto respond to thisinterest by establishing a web site to communicate about the
NHEXAS analyses and to ensure ease of accessto the NHEXAS data. After the appropriate review
and revision, this grategic plan for the andyses of the NHEXAS pilot study datawill be incorporated
into the website as well.

2. OVERVIEW OF NHEXAS

2.1 BACKGROUND ON EXPOSURE TO CHEMICAL POLLUTANTS
To assesstherisks posed by chemica pollutants in the environment, EPA must be able to
estimate the number of people exposed to these chemicas and the intengity of exposure. In the padt,
most studies have focused on exposure to one chemica at atime by one route of exposure. For
ingtance, a sudy might look a how much of a particular chemicd isfound in outdoor arr. In many
cases, these studies have relied on very indirect measures to estimate exposure to the chemicals. An
example would be to sample emissions from a smokestack and then apply air trangport modelsto

predict exposure to resdentsin the surrounding area.
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Although such studies are important, studying chemicals and sources in isolation does not reflect
actua patterns (digtributions) of human exposure to chemicas in the environment. In redlity, people can
be exposed to chemicals from avariety of sources that contaminate water, food, air, dust, and other
media. Exposure to asingle chemica may occur from contact with severa environmenta media (e.g.,
ar, water), viaseverd pathways (e.g., hand-to-mouth transfers, food), and through severa routes (i.e.,
inhdation, ord, dermd). Additiona complexities arise when considering an individud’ s exposure to
multiple chemicals a any point in time or over extended periods. The fact that different people dso
spend varying amounts of time indoors and outdoors or otherwise engage in activities that can have
important impacts on chemical exposure adds to this complexity. More accurate assessments of risks,
therefore, mugt take into account exposure to multiple chemicals from various routes and media. By
understanding total or aggregate exposure, it dso will be possible to identify those pathways and routes
responsible for the greatest exposure, thereby providing direction for decisions on the most effective
dtrategies to reduce risks.

2.2 THE PURPOSE OF NHEXAS

NHEXAS, initsfullest sense, isaconceptua design, which, on implementation, will have long-
term implications to exposure research and assessment. The ultimate god is to document status and
trends of nationa distributions of human exposure to potentidly high-risk chemicasto improve the
accuracy of exposure (and risk) assessments and to evauate whether exposure (and risk) is
deteriorating or improving over time with the goplication of risk management steps. However, such an
extensive program requires much preparation, including making improvements in the state of exposure
science. The Phase | pilot projects are theinitia phase of thislong-term program. Based on the
scientific advances from thisfirst phase of NHEXAS, two follow-up phases are envisoned. One
encompasses pecid studies to test particular hypotheses related to issues, such as characterization of a
pathway of concern for a specific subpopulation or a chemica of concern at specific geographic scales
(community and regiond) or an uncertainty related to the effect of tempord variahility in an exposure
asessment model. The second is the design and implementation of a much broader nationd survey of
popul ation-based exposures, building on the foundation laid by the pilot-phase investigations.
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Phase | of NHEXAS (heresfter referred to as just NHEXAS or pilot NHEXAS studies) is
perhaps the most ambitious study ever undertaken to evaluate total human exposure to multiple
chemicals on both community and regiond scales. It focuses on the exposure of people during their
daly livesto environmental pollutants. To accomplish this, hundreds of volunteer participants were
selected randomly from severd areas of the country to obtain a population-based probability sample.
NHEXAS scientists measured the levels of a suite of chemicas to which participants were exposed in
the air they breethe, in the foods and beverages they consume, in the water they drink, and in the soil
and dust around their homes. Measurements aso were made of chemicals or their metabolitesin
biologica samples (including blood and urine) provided by the participants. Findly, participants
completed questionnaires to help identify possible sources of exposure to chemicals and to characterize
magor activity patterns and conditions of the home environment.

In addition to improving mesasurement-based estimates of total exposure to chemicas and
contaminants, NHEXAS has the following ams.

* |dentify subgroups of the genera population that are likely to be highly exposed (et least the 75th
percentile) to chemicasin their environment.

* Provide abasdine of the normal range of exposure to chemicasin the genera population that can be
used to compare to the results of other investigations conducted at particular Stes of concern or to
address specific routes.

» Compare the results of a 1-week “snapshot” of exposure to the results obtained from multiple
sampling cycles over ayear.

 Evduate and improve the accuracy of models developed to predict or diagnose exposure of people
to chemicds.

* Test and evduate different techniques and design approaches for performing multimedia,
multipathway human exposure studies.

2.3 HISTORY AND PARTICIPATING ORGANIZATIONS

NHEXAS has been implemented with extensive research collaboration that includes scientists
from EPA’s ORD, from other federa agencies, and from leading academic and research ingtitutions.
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Scientigts from the Food and Drug Adminigiration (FDA) and from the Centers for Disease Control
and Prevention (CDC) participated through interagency agreements with EPA scientigtsin the andysis
of samples. Scientigs from the Nationa Ingtitute for Standards and Technology provided quality
assurance (QA) support through an interagency agreement with EPA. The NHEXAS projects were
funded as cooperative ass stance agreements and coordinated by EPA’s ORD. These cooperative
agreements were awarded after a national research solicitation and peer review by nationd scientific
experts.

(1) The cooperative agreement supporting the Arizona study included the University of Arizona,
Batelle Memorid Inditute, and the Illinois Inditute of Technology.

(2) The cooperative agreement supporting the Region V study (states of 1llinais, Indiana,
Michigan, Minnesota, Ohio, and Wisconsin) included the Research Triangle Indtitute, the
Environmental Occupationa Health Sciences Ingtitute (EOHS!) , and Southwest Research
Inditute. A related smaller-scale sudy in Region V focused on children’s exposures to
pesticides and was conducted with the participation of the Minnesota Department of Hedlth.

(3) The cooperative agreement supporting the Maryland study included Harvard University,
Emory University, Johns Hopkins University, and Wedtat, Inc.

2.4 MAJOR DESIGN ELEMENTS

Table 1 summarizes the mgor design dements of NHEXAS. There were common features
across the three consortia. All three consortia used the same basic set of questionnaires. Within
chemical classes selected by the consortia, each consortium andlyzed for abasic set of chemicals
(primary andytes). However, by utilizing three consortia, dternative and innovative variations on the
theme of multimedia measurements to estimate total human exposure were possible. For example, eech
consortium was able to target some specific concerns or opportunities. Two of the consortia focused
on measuring potentia exposures of each participant once; one consortia studied fewer people but
repested the measurements severa times over the year to enable estimates of temporal variability for

the exposures and activities of interest.
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The participants were selected through a probability sample to permit subsequent Statistical
inferences about the larger population. The only exception was a specia pand on children exposed to
pesticides. This was based on oversampling households reporting more frequent applications of
insecticides and on acommercid listing of households with listed telephone numbers that were
predicted to have age-digible children.

Chemicalsto be andlyzed by NHEXAS were chosen because they are known (or strongly
suspected) to present mgor environmenta hedth risks, had been found in two or more environmentd
media (air, water, soil, or food), and had been identified as being of importance to
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TABLE 1. SUMMARY OF NHEXAS STUDIES

|
Consortium

Research Triangle Institute/Environmental and

University of Arizona/Battelle Memorial Occupational Health Sciences Institute/ Harvard/Emory/Johns Hopkins/
Institute/lllinois Institute of Technology Southwest Research Institute Southwest Research I nstitute/\Westat
Type of Study Exposure field study Exposure field study Special study: relation of short-term

datato longer term exposures

Data analysis and hypothesis testing (CAG-Pls
and ORD-PCs?); database integration (NERL and

NCEA)
Geographic Arizona Region V (lllinois, Ohio, Indiana, Michigan, Baltimore and surrounding counties
Region Minnesota, and Wisconsin)
Design Representative sample of general population Representative sample of general population Representative sample includes
suburban, urban, and rural groups
Approximate 179 (plus others in sampled househol ds) 249, plus 52 for pesticides (no othersinsampled 53 people sampled six times over
Number of People households) 1year
Analytes Pb, As, Cd, Cr, Ni, Ba, Mn, Se, V, Cu, and Zn; Pb, As, Cd, Cr; benzene, chloroform, Pb, As, Cd, and Cr; chlorpyrifos,
benzene, chloroform, perchloroethylene, perchloroethylene, trichloroethylene, diazinon, malathion, atrazine (water
trichloroethylene, methylchloroform, styrene, methylchloroform, styrene, toluene, xylene, and only), chlordane, dieldrin, heptachlor,
toluene, xylene, p-dichlorobenzene, p-dichlorobenzene; chlorpyrifos, diazinon, 4,4-DDE, -DDD, and -DDT; B(a)P,
formaldehyde, 1,3,-butadiene, methylene malathion, atrazine, chlordane, dieldrin, anthracene, phenanthracene, and
chloride, carbon tetrachloride, plus 11 additional  heptachlor, 4,4'-DDE, -DDD, and -DDT; chrysene
VOCs; chlorpyrifos, diazinon, malathion, and B(a)P, anthracene, phenanthrene, pyrene,
carbaryl B(a)A, acenaphthylene, fluoranthene,

B(g,h,i)perylene, and indeno(1,2,3-c,d)pyrene

Children’ s study (pesticides and PAHS)

Samples Air, water, food, and beverages; soil/dust and Air, water, food, and beverages; soil/dust and Air, water, food, and beverages;
surfaces; urine and blood surfaces; urine and blood soil/dust and surfaces; dermal; urine
and blood
Questionnaire NHEXAS NHEXAS NHEXAS

8CAG-PIs= principal investigators of cooperative agreements; ORD-PCs = principal collaborators from ORD.
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severd EPA program or regiond offices or to other federa agencies. Chemicads were sdected only if it
was feasible to collect and andyze them. The chemicasfdl into three categories. (1) volatile organic
compounds (VOCs), such as trichloroethylene, benzene, and perchloroethylene; (2) metas, such as
lead, arsenic, and cadmium.; and (3) pesticides, such as the herbicide atrazine and the insecticides,
chlorpyrifos, diazinon, and maathion. In some media, measurements of sdected polycyclic arométic
hydrocarbons (PAHSs) were made.

3. STRATEGIC FRAMEWORK

This Section describes the gtrategic framework that ORD developed to identify, characterize, and
prioritize important analyses of the NHEXAS pilot Sudy data. The starting point for developing the
drategic framework was the NHEXAS Data Analysis Workshop that ORD convened in July 1999.
About 160 scientists and science policy experts were invited to the workshop; Appendix A identifies
those who were able to attend. Each participant received a copy of the SAB advisory report and
extensive background information on NHEXAS well in advance of the workshop itself. Workshop
participants identified and described a number of analys's projects for interpreting the NHEXAS pilot
study data. These projects are documented in the Proceedings of the NHEXAS Data Analysis
Workshop (EPA 600/R-99/077).

After the workshop, each andysis project was reviewed and projects with a substantial amount
of overlap or duplication were merged. The large number of very worthwhile anadlys's projects created
adgnificant chalenge for ORD: that of establishing priorities to ensure that the “criticd” projects are
funded as quickly as possible. Many criteriawere considered for sorting these projects and
edtablishing priorities (e.g., relevance to Agency GPRA Goadls, rlevance to previous SAB
recommendations, relevance to regulatory needs or timeframes, degree of scientific uncertainty ina
given component of exposure assessment, feaghility). Ultimately, the strategic framework adopted
consgts of two logica steps.
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A. Inthefirs step, analyss projects were classfied according to the type of scientific

interpretation contemplated. This classification resulted in Sx digtinct topic aress.

1

B. In the second step, four “ranking” criteriawere developed and gpplied in a hierarchica fashion

Descriptive Satistics These projects describe the basic features of the

NHEXAS study results, both for the measurements and the questionnaires, and

provide comparisons between demographic groups.

Predictors of Exposure These projects address the relationships among
various type of measurements (environmental, exposure, and biomarkers),
questionnaires, and activity diaries with a view towards whether one type of
measurement, possibly in combination with questionnaire/activity information,
can be an indicator of another type of measurement.

Soatial and Temporal Variability These projects involve andyzing the

variahility in human exposures to both sngle and multiple chemicals, aswell as
the key factorsthat affect inter- and intrarindividud variability in exposures.

Adgaregate Exposure, Pathway Analysis, and Cumulative Risk These

projects focus on assessments enabled by the multi-pathway and multi-chemical
nature of the NHEXAS studies.
Eval uation/Refinement of Exposure Models and Assessments These

projects describe the testing of existing exposure models and developing new or
improved exposure and dose models.

Designing Exposure Sudies These projectsinvolve examination of the

feasbility of NHEXAS concepts, methods, and approaches for the conduct of
future population-based exposure studies.

to establish priorities for the projects within each of these six topic areas.

1.

June 7, 2000

Timing: Identifying projects that should begin in the near-term, in an intermediate

timeframe, and in the long-term was influenced by:
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Critica path issues. For example, the completeness of the andyticd results should

be evaluated for each type of sample before making comparisons between
measurements.

Seguencing issues For example, smpler analyses should be undertaken to

understand the distributions of the measurements data before more complex

analyses of these data are performed.

Feasibility: Thefeashility of completing any individua project depends on:

Limitationsin the NHEXAS designs and data For example, limitaionsin the

designs of the NHEXAS pilot studies, types of samples and questionnaires
collected, quantity and quality of results, and in the ability to combine data sets
influence feesibility.

Other scientific limitetions: For example, limitations in the current Sate of the

stience (e.g., thelack of cumulative risk models) and in the availability of data
(from outside the NHEXAS database), satistica methods, or models needed to
complete the andysis project will affect feashility.

Applicability: The broad applicability—or relevance--of a project to important

objectives described in three other sources.

SAB recommendations about NHEXAS: The extent to which any individua

project responds to the SAB recommendations in its advisory report (Table 2)
influences applicability.

EPA drategic gods, asidentified by the Government Performance and Results Act
(GPRA): The extent to which any individua project isrelevant to EPA’s GPRA

objectives (Table 3) increases the significance of the exposure assessment, risk

assessment, or risk management information that may result from that project.

NHEXAS objectives: The extent to which any individud project helps to meet
overall NHEXAS objectives and those identified for each study (based on the
July-Sept., 1995 issue of Journa of Exposure Andlyss and Environmental
Epidemiology; summarized in Table 4) will further achieving NHEXAS gods.
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4. Demand: Projects for which an urgent demand for the results has been identified by
the EPA’ s Program Offices (e.g., aggregate pesticide exposures for Food Quality
Protection Act)
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TABLE 2. KEY SAB/IHEC RECOMMENDATIONSFOR THE ANALYSISOF
NHEXASPILOT STUDY DATA

Exposur e Assessment
ocritical evauation of the potentid vaue of meta-andysis across the three subcomponents of
NHEXAS and development of a plan for any meta-andysis
sidentification of findings of congderable importance to help the Agency in some current risk
management efforts
eonce descriptive and summary Stetistics have been completed, concentration data should be
transformed into exposure data
sintegrate total exposures from al media and to estimate long-term exposures from
short-term measurements
eprototypica analyses of exposure and assessments of intervention strategies should be made
for avariety of chemica's messured
simprove the quality and utility of the databases from the three pilot sudies
- integrate databases (Region V and Arizona)
- as=ss the implications of the Maryland study for the Arizona and Region V study
- integrate NHEXAS results with information on criteria pollutants
* assess source-to-dose trends

Exposure Analysis
scomplete QA and qudity control (QC)
econduct descriptive analyses
stest study hypotheses which can be addressed
sevauate questionnaires and activity diaries and the relationships with measurements
sintegrate total exposures across al media, and assess the relative contribution of different
sources, pathways, routes to exposure and body burden
sidentify factors related to high-end exposures and correlate exposure to various
chemicalg/classes

L essons L earned
*how to optimize the measurement and anaytical approaches
eamount and nature of the new knowledge ... asit rdates to the methodol ogies implemented
enational survey ... uses the experience of the pilot study o that the most appropriate
multimedia measurements (including questionnaires) are used

Modeling
develop physicd models that integrate exposures from different mediain order to estimate
long-term exposures from short term-measurements.
*models for identifying factors related to high-end exposures
saddress modd validation and refinement
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TABLE 3. RELATIONSHIP OF NHEXASPILOT STUDY DATATO
ADVANCING EPA STRATEGIC GOALSIDENTIFIED IN THE
GOVERNMENT PERFORMANCE AND RESULTSACT (GPRA)

|
1. CleanAir

* NHEXAS-collected data on personal, indoor, and ambient concentrations of several air toxics can be used
to estimate exposure distributions and to verify models that predict ambient concentrations/exposure
from emissionsinventory data

* NHEXAS data can contribute significantly to identifying some of the key pollutantslikely to cause urban
toxics risks, to making determinations of the adequacy of existing rulesin addressing risks, and to
estimating whether residual risks remain after technology-based standards are put in place for individual
source categories

2. Clean and Safe Water

« NHEXAS data can show the distribution of exposures to disinfection byproducts (e.g., chloroform),
arsenic, and other compounds from drinking water.

« NHEXAS multipathway data can provide information on the relative source contribution of water to
exposure to the chemical's studied.

3. Safe Food

« NHEXAS data on multipathway exposures of children to pesticides can provide the scientific foundation
for reducing uncertainties and reliance on default assumptions used by EPA in determining potential risks
to children exposed to pesticides, especially through the dietary pathway

« NHEXAS data can be used to develop and eval uate aggregate and cumul ative exposure model (s) of
pesticides for infants and children.

« NHEXAS measurement-based results and probabilistic models can provide better exposure and risk
assessments for the pesticides studied

« NHEXAS provided direct measurements of dietary exposure that can be used to evaluate uncertainty in
the pesticide tolerance approach (i.e., indirect estimates of dietary exposure).

4. Preventing Pollution and Reducing Risk in Communities, Homes, Workplaces and Ecosystems

« NHEXAS measurement-based information on popul ation distributions of exposures to the selected
pesticides and toxic substances can improve exposure assessments of communities.

« NHEXAS characterization of multiple pathways of exposures can assist the Agency in identifying high-
risk pathwaysto target risk reduction.

* NHEXAS results will also help to evaluate the contribution of various pathways by examining blood lead
in the context of both environmental concentrations and activities.

« NHEXAS measurements of indoor air quality and total personal exposure can be used to estimate the
sources (e.g., indoor, outdoor) of the greatest exposure to chemicals studied.

5. Better Waste Management, Restoration of Contaminated Waste Sites, and Emergency Response

« NHEXASdatacan provide baseline population exposure datato contrast with non-NHEXAS exposure
data collected at Superfund or hazardous waste sites.
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TABLE 3 (cont’d). RELATIONSHIP OF NHEXASPILOT STUDY DATATO
ADVANCING EPA STRATEGIC GOALSIDENTIFIED IN THE
GOVERNMENT PERFORMANCE AND RESULTSACT (GPRA)

6. Reduction of Global and Cross-border Environmental Risks

*« NHEXAS data on persistent chemicals (e.g., some pesticides, limited mercury data) can be used to
understand exposure to these compounds.

7. Expansion of Americans Right to Know About Their Environment
« NHEXAS provided data on the distribution and predictors of exposure to selected chemicals.

« NHEXAS can help to identify factors (environmental indicators and sources) responsible for the highest
exposures (and body burden), enabling peopleto identify their behaviorsthat contribute significantly to
EXPOSUres.

« NHEXAS data can be used to devel op substantially more cost-effective community exposure study
designs, enabling others to conduct such studiesin their communities.

8. Sound Science

« NHEXAS data can be used to significantly improve understanding of exposure factorsthat are
fundamental to conducting exposure assessments.

« NHEXAS information on multipathway exposure to avariety of compounds can be used to develop and
verify improved aggregate and cumulative probabilistic exposure models.

« NHEXAS data could be evaluated to estimate whether some of the compounds measured suggest an
emerging risk.

« NHEXAS measurements of biomarkers of exposure, together with environmental and exposure
measurements and activity information, can be used to estimate total absorbed dose and to evaluate
pathway contributions.

As mentioned, these criteriawere gpplied in ahierarchica fashion within each of these six
topic areas. For example, those projects with a scientific focus on Predictors of Exposure and Dose
(Table 6 on page 24), were first sorted based on the timing criterion. Next, those projects that are
needed in the near-term were sorted as to their feasbility. Subsequently, the highly feasible projects
were examined to identify those with broad applicability. Ultimately, those with high demand were
identified. The next cycle focused on those the Predictors of Exposure and Dose projects that are
needed in an intermediate-term time frame to determine their feasibility, applicability, and demand.

No long-term Predictors of Exposure projects were identified. But had they been, the hierarchal
process of ranking for feasibility, gpplicability and demand would have been repeated.
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TABLE 4. KEY NHEXASOBJECTIVES

» Evduate the feashility of NHEXAS studies for conducting future studies (e.g., better
methods and approaches)

»  Document the occurrence, distribution and determinants of exposures (e.g., population
digtributions of measurements, analysis of questionnaire information on sources and
activities relative to exposures)

» Understand the determinants of exposure for potentia at-risk populations as a key eement
in developing effective risk management drategies

» Evauate and improve the accuracy of models developed to predict or diagnose exposure
of peopleto chemicds.

The remaining drategic issue not yet discussed isthe relative priority of projects across the Six
topic areas. Recognizing the limitations of future resources that may be available to support these
dataanadysds projects and the scientific merit of these categories, we conclude that the priorities for
supporting anadysis projects across the six topic areas are inherently equivaent. Thus, over the next
severd years, the highest priority projects across the six areas will be funded, in priority order, within
eech area. Ultimately, judgement will be required for implementation decisions, but this judgement
will be guided by the criteriaand priorities discussed here.

The prioritization criteriarelate to overdl EPA needs. Others may have different specific
prioritiesthat are valid for them. For example, an EPA Region or a state public health department
may have an immediate need for an exposure assessment of one chemica from only one pilot studly.
They might then gpply their resources for this specific andyds. A graduate student with funding may
use the publically available database to test a hypothesis for hisher dissertation, even if it is not
ranked high in this Strategy. Many such examples could be given. Having this variety of thinking can
be very vauable and will add to the breath of what will be learned from NHEXAS. Thisvaue will be
enhanced if the people performing these analyses contribute to the NHEXAS web Ste so that others
do not unnecessarily duplicate anadlysesand citations for the resultant publications are readily
available to everyone. We do respectfully request that al persons contemplating their own NHEXAS
andyses carefully reflect on the priorities described here, understanding that these andyses are likely
to have ahigh impact on environmentad hedth decison making.
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4. TOPIC AREASAND PROJECTS

This section briefly summarizes the topic areas and the projects within them and explains the
basisfor the prioritization relative to the criteria of Section 3. Each subsection contains a table of the
priorities for each project. Although the projects are listed in rank order, al projects are highly
vauable. Appendix D contains asingle table that combines the priorities for each topic area. The
individua project descriptions are in Appendix E. The project descriptions are intentiondly at aleve
of detall that provides gods and guidance to the investigators, while dlowing them the freedom to
apply their ideas in developing the details of the andyses based on the specifics of the data available
and their credtivity. Therefore, each project has numerous options. Use of an externd peer-review
process for andysis tasks performed by ORD and externd scientists will assst in ensuring the qudity

of the analysi's approach chosen.

4.1 DATA ANALYSISAREA ONE: DESCRIPTIVE STATISTICS

4.1.1 Overview

This data andysis area contains research projects that describe the basic features of the
NHEXAS pilot study results, both for the measurements and for the questionnaires and activity
diaries. Resdentia environmenta concentrations were measured for air (indoor and outdoor), tap
water, s0il, house dust, and surfaces for multiple target chemicas. Corresponding persond
measurements were obtained for air, diet, and dermal exposures; biomarkers of exposures were
determined for blood, urine, and hair. However, not dl sample types were collected for dl chemicas
nor for al participants within astudy. The NHEXAS studies collected information using
questionnaires for demographic and housing characteristics and potentia sources of pollutants, and
used diaries for persond activities, such as duration of time spent in different locations, source- and
contact-related activities, and dietary consumption. Sampling weights have been calculated and can
be used to draw inferences to the target populations and subgroups (limited by sample Szes). These
include adjustments for nonparticipation in different e ements of the study, including those providing
only questionnaire information or participating in sdected measurements.
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Asafirg sep in the andyses of these data sets, information on the summary dtatistics for the
guestionnaire and measurement results will be collected. This includes collecting and comparing
results of anayses reported by the individua study investigators and conducting additiond andyses
using acommon et of gatistica methods, including weighted variance estimates. These studies will
provide summaries for different population groups and supply abroad range of information about
digtributions (for continuous variables) or frequency of responses (for categorica variables). In
addition, the completeness of the measurements datais to be evauated relative to the potentid utility
of the datain the andlysis or modeling of multipathway or multiroute exposures.

4.1.2 Developing Prioritiesfor the Projects

TABLE 5. DESCRIPTIVE STATISTICSPROJECTSAND PRIORITIES?

Broad Demand

Project ID Project Title Timing Feasibility Applicability (Urgency)
D-01 An Analysis of Media Concentrations, Exposure, N H H

and Biomarkers by Demographics
D-02 Univariate Statistics for Usein Exposure and Risk N H M Y

Assessment
D-03 Impact of Censoring and Method Sensitivity and I H H

Precision on Multimedia Exposure Distributions and

Associations
D-04 Quantify Uncertaintiesin NHEXAS Data and I M M

Assess Contribution to Model Errors
D-05 Investigate National Representativeness of I L M

NHEXAS Sampling Results by Comparing
M easurement and Exposure Results Across the
Three Regions

2N = near term; | = intermediate term; H = high; M = medium; L =low; Y =yes.

Timing was first used to prioritize studies (Table 5) because of the need to understand the basic
gructure of the NHEXAS data prior to conducting more complex analyses. These descriptive
analyses can be used to provide estimates of various exposure concentrations and exposure factors

for exposure assessments. These assessments often rely on point estimates or distributions obtained
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from limited data sets that may not be appropriate to the populations of interest for that assessment.
The NHEXAS results dso can provide reference ranges (basdine information) for comparison to
other locations, such as Superfund sites. Another use of these resultsis to determine the potentia
bias in estimates of nationa exposure factors and digtributions that may result from the use of loca or
regiond sampling. The projects described in this section aso address specific recommendations by
the IHEC for conducting descriptive anayses and examining the shapes of exposure digtributions.

Simple breakdowns by demographics (Project D-01) and providing univariate statistics for
exposure and risk assessments (Project D-02) were identified to be completed first among the other
projectsin thistopic area. Both of these projects so were identified as being highly feasible, given
the availability of the NHEXAS data sets and current statistical methods and software. Severd
Agency needsinclude describing differencesin exposures for different population subgroups.
NHEXAS objectives to document distributions, including those of subgroups, dso are met. Thus,
Project D-01 was viewed as having dightly broader gpplicability than Project D-02. The next three
projects involve more complex analyses, including multiple mediaand pathways (Projects D-03 and
D-05), or model-based uncertainty analyses (Project D-04). Feasibility of completing these studies,
given the limitations of the NHEXAS studies, was used to prioritize them: describing the impact of
detection limitsin various media (Project D-03) should be highly feasible, quantifying uncertainties
(Project D-04) was viewed as being more difficult, and comparing measurement results across the
three studies (Project D-05) was considered less feasible. Specific comments are provided below
for each project.

D-01 An Analysis of Media Concentrations, Exposure, and Biomarkers by Demographics —
The goa of this project isto provide descriptive andyses of media concentrations, exposure,
and biomarkers measurements for population subgroups (age, gender, ethnicity, socioeconomic
datus [SES)], urban/rurd, or other important groupings) in each NHEXAS study to identify
differences among subgroups and to compare distributions with other studies.

Summary anayses need to precede more complex anayses; these descriptive andlyses and smple

demographic comparisons should be highly feasible. The project meets severd EPA needs, reated

to subpopulation differences, aswell as NHEXAS objectives and SAB/IHEC recommendations.
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D-02 Univariate Satistics for Use in Exposure and Risk Assessment — The god of this project is
to develop univariate descriptive satistics (distributiond information) for NHEXAS data that
can be used broadly in exposure and risk assessment and in the design of human hedlth effects
Studies.

This project develops summary statistics for those measurements and factors identified (by EPA’s

Nationa Center for Environmental Assessment [NCEA]) as being commonly used in risk assessment,

for which data were collected in one or more of the NHEXAS pilots. The data collected by

NHEXAS can be used to better define distributions of these concentrations and exposure factors,

such as activities, time spent in specific locations, dietary intake, and product usage. Although there

are smilarities between this project and Project D-01, this project is intended to support revision of
the EPA Exposure Factors Handbook, and the selection of measurements and factors andyzed may
be more limited than the previous project. Severa program offices have identified access to summary
information from the NHEXAS studies for use in exposure and risk assessments as an “urgent” need.

D-03 Impact of Censoring and Method Sensitivity and Precision on Multimedia Exposure
Distributions and Associations — The gods of this project are twofold: (1) to examine how
method sengtivity and precison and the censoring of data below detection limits affect the
estimation of distributions and means for exposure, media concentration, and biomarker
measurements and (2) to eva uate associations among such measurements.

Thetiming for some components of this project (i.e., summary of measurement sengtivity, proportion

of samples above detection limits) is near-term, athough identification of measurements to represent

multiroute exposures for selected chemicas will be more complex. The feasbility ishigh, given the
availability of codesin the database that indicate whether each sample' s andyticd results were above
the detection limits. The gpplicability was dso high, given the need for this information before

conducting analyses (or assessments) involving multiple pathways or routes of exposure.

D-04 Quantify Uncertainties in NHEXAS Data and Assess Contribution to Model Errors—The
god of this project isto provide uncertainty estimates within the NHEXAS database that are
available to researchers and the public, so that uncertainty is addressed consstently and does
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not lead to redundant effort by modelers. The results will identify how the data uncertainties

may impact modeling uncertainties and will be illustrated with case sudies.
Thetiming for this project isintermediate (or longer) term, based on the need to first determine the
completeness of the NHEXAS measurements for multiroute exposures (Project D-03). Thefirst
component of the project, to identify variability and potential measurement errors (i.e., survey,
sampling, andytica), should be feasible as an extenson and publication of the QA results from each
sudy. However, feasibility to quantify the impact of these sources of uncertainty on models may be
limited by the need to identify and gpply a suitable multimedia human exposure modd (or

framework).

D-05 Investigate National Representativeness of NHEXAS Sampling Results by Comparing
Measurement and Exposure Results Across the Three Regions— The god of thisproject is
to evaduate the effects of using locd or regiond studiesto provide estimates of nationa
exposure factors and digtributions. Very few nationd studies are available for usein
development of nationa distributions for exposure factors or related measurements; therefore,
local or regional studies are used ingtead. The three NHEXAS studies provide a method for
comparing very smilar sudies to determine the magnitude of regiond differences for various
exposure factors.

Thetiming for this project follows that of the projects to conduct basic summary anayses within each

sudy. Feashility islimited by the number of chemicals that were measured in dl three sudies, by

potentid differencesin the methods or protocols employed (especidly for sample collection), and by
differences in the target populations for some chemica dasses (eg., alimited number of childrenin

Arizona and Maryland studies, compared with the Minnesota study for pesticides).

4.2 DATA ANALYSISAREA TWO: PREDICTORS OF EXPOSURE
AND DOSE

4.2.1 Overview
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This data andyd's areaincludes research projects to andyze the relationships among the various
type of measurements (environmenta, exposure, and biomarkers), questionnaires, and diaries that
were collected in the NHEXAS pilot sudies. The comparisons included in this section include
measurement and questionnaire data related to

es0Urces, characteristics, concentrations, activities, exposures, and biomarkers;

emultiple environmental media or exposure pathway's,

eindoor and outdoor concentrations and estimated contributions of indoor and outdoor

concentrations to integrated inhalation exposures,

sresdentid environmental media concentrations and existing monitoring data (e.g., fixed Stes);

*biomarkers of internd dose and risk factors, including demographics, housing characterigtics,

questionnaire data, and measures of exposure and correlations among risk factors; and

*biomarkers and questionnaire responses and exposure and environmental media

concentrations usng multivariate andyss methods.

NHEXAS provides arich source of information to support anadyses of exposure and interna dose
based on data collected from questionnaires and measurements of chemicasin resdentia and other
environments. These andyseswill be explored within each study and compared among studies.

Severd of the projectsinvolve hypotheses-testing, including hypotheses identified for the desgn
of the pilot studies, or structurd (model-based) analyses of exposure and dose. Included isan
andysis of the relationships between measurements and estimates of dietary exposures. Other
projects involve andyses of questionnaires and activity diaries. These analyseswill evduate the
information content obtained from the questionnaires and compare that with exposure and
environmental measurements to determine the value of the questionnaire items. Regression analyses
will be used to identify the predictors of exposure. Factor analysis or principa components analyss
will be used to identify the most important questions (or groups of questions) that would be used to
andyze chemica exposures. Categorical or exploratory data andyses (e.g., classfication and
regression trees [CART]) could be used to identify questions useful in identifying those who are highly
exposed, both to single chemicas or classes and to multiple chemicds.

4.2.2 Developing Priorities for the Projects
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TABLE 6. PREDICTORS OF EXPOSURE AND DOSE PROJECTS
AND PRIORITIES?

Broad Demand
Project ID Project Title Timing Feasibility Applicability  (Urgency)
P-01 Analysis and Comparison of NHEXAS Exposure N H H Y
Datato Residential Pollutant Sources,
Concentrations, and Activity Patterns
P-02 Compare Traditional Indirect Method of N M H
Estimating Dietary Exposures with Duplicate
Diet Data and Compare M ethodol ogies Utilized
inNHEXAS
P-03 I dentifying Predictors of Exposure I H M
P-04 Risk Factors for Biomarkers of Internal Dose: I M H Y
Demographics, Questionnaire Data,
Concentrations, and Exposures
P-05 Determinants of Dose Measurements I M H
(Biomarkers) from the NHEXAS Studies
P-06 Exploratory Data Analysis Methods for I M M
Evaluating Relationships Among
Questionnaires, Exposure, Dose, and Risk
Factors
P-07 Use of NHEXAS Data To Test Assumptions | L M

About Activity Pattern Factors and Other
Exposure Factorsin EPA Risk Assessments

2N = near term; | =intermediate; H = high; M = medium; L =low; Y =yes.

Timing was consdered relative to other projects within this area (i.e., which of these projects
should be donefirgt), given the increasing complexity of these projects relative to the previous topic
area (Table 6). Thetypes, complexity, and scope of proposed analyses were used to identify
Projects P-01 and P-02 as near-term. Feasibility of conducting the andlyses usng the NHEXAS
study data and requirements for other models or data then were used to further rank both near- and
intermediate-term projects. For projects related to biomarker analyses and interpretation (Projects
P-04 through P-06), broad applicability and demand were used to help set the priorities.

P-01 Analysis and Comparison of NHEXAS Exposure Data to Residential Pollutant Sources,
Concentrations, and Activity Patterns — The gods of this project are to (1) evauate
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hypotheses about relationships among residential pollutant sources, characteristics,
concentrations, and human activity patterns that contribute to persona exposures, especialy
for high-end exposures, and (2) to determine the vaue of questionnaires for understanding
various aspects of exposure and the rdiability and vdidity of the instruments used for
ascertaining these factors.
This project was identified as near-term, given its ability to help identify the mgjor predictors
(or explanatory factors) of exposure. The feasihility should be high, given the range of questions and
associated measurement data and the availability of andysis methods. The project has very broad
gpplicability for identification of factors associated with higher exposures, relating ambient and indoor
concentrations to exposures, evauating the vaue of questionnaires (and items) for understanding
public health and exposures, and classification of exposuresin epidemiologica studies. Demand for
this sudy was classfied as*urgent” given severd of the needs identified by IHEC, including
descriptive andyses, evauation of questionnaires, and characterization of high-end exposures.

P-02 Compare Traditional Indirect Method of Estimating Dietary Exposures with Duplicate
Diet Data and Compare Methodol ogies Utilized in NHEXAS— The gods of this project
areto (1) compare dietary exposure estimates from a dietary exposure moded with direct
measurements of dietary exposure; (2) evauate the rdiagbility and vdidity of dietary intakes
determined in NHEXAS, and (3) evaduate dternative and less costly methods for measuring
dietary exposure. Thiswill involve comparison of direct exposure data from NHEXAS
duplicate diet measurements with indirect exposure estimates derived from recorded food
consumption combined with concentrations of NHEXAS chemicals measured in other diet
sudies, and of food intake rates from NHEXAS questionnaire surveys with those from the
U.S. Department of Agriculture (USDA) and the National Health and Nutrition Examination
Survey (NHANES) for comparable years, geographical regions, and population subgroups.

This project was identified as near-term, given its potential contribution to the understanding of

dietary exposure and methods. Indirect estimates of dietary exposure, based on combining food

intake rates with residue data, have been used for regulation of pesticides and for ng exposures
to metds and other chemicas. The NHEXAS data provide a unique opportunity for evauation of
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indirect estimates using direct monitoring data (duplicate diet) to enhance the scientific bass for
decison making. Feasibility was considered moderate, because the food diaries may require
recoding and these data then need to be linked to existing dietary concentration databases.
Applicability is broad because this study relates to severad EPA needs (e.g., Safe Food) and aso
tests abasic NHEXAS study hypothesis (e.g., the adequacy of extant data and models to predict
exposure). The results dso will help to evauate survey instruments (diet diary and recall
guestionnaire), assess the contribution of dietary exposure, and identify less codtly dternatives for
dietary exposure monitoring.

P-03 Identifying Predictors of Exposure — The god of this project isto identify primary
predictors of exposure, usng questionnaires and biologica or environmenta measures for use
in epidemiology studies and other studies where individuas exposure levels are sorted into
categories, such as high, medium, and low.

The timing for this project was identified as being intermediate-term because the proposed

multivariate analyses are likely to be more complex than those identified in the previous projects.

Feaghility to conduct these analyses should be high, given the availability of Satistical methods. The

applicability appears to be less broad, in terms of meeting multiple EPA needs, than the previous

projects but will help to meet the needs of epidemiologidts, risk assessors, and risk managers who
need exposure classfication methods.

P-04 Risk Factorsfor Biomarkers of Internal Dose: Demographics, Questionnaire Data,
Concentrations, and Exposures — The god of this project is to develop methods of
estimating internal dose that can be used in studies of heath outcomes, based on an andysis of
the association of biomarkers of internal dose with (1) demographics; (2) questionnaire
information on behaviors, activity patterns, hedth indices, etc.; and (3) measures of persond
exposures and media concentrations.

The timing for this project was identified as being intermediate-term, given the broad scope and

complexity of the proposed analyses. Feasibility may be limited by the need for other models and

information (e.g., absorption and elimination rates, timing and routes of exposures) to interpret
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biomarker measurements relative to dose and by the timing of the NHEXAS exposure and
environmenta measurements relaive to the time periods represented by the biomarkers (e.g., short-
term for blood-VOCs; long-term for blood-lead). Further understanding of the interpretation of
biomarker levelsis valuable because they may be a better predictor of health outcome than
environmenta concentrations, which do not account for multiple routes or for uptake/intake and
absorption processes. The ability of these markers to account for multiroute exposures gives this
study broad agpplicability in addressng EPA needs, as well asthose identified by IHEC (evauate
questionnaires, activities, concentrations, and biomarkers) and for the NHEXAS studies (distribution
and determinants of exposures, provison of basdlines for biomarker distributions). Demand has been
high for information on digtributions of biomarker measurements and their interpretation relaive to

questionnaire information and environmental concentrations.

P-05 Determinants of Dose Measurements (Biomarkers) from the NHEXAS Studies— The god
of this project isto identify and evauate environmenta and questionnaire determinants of
absorbed dose and to better understand the time course and associ ations between exposure
and dose. Questionnaire response data will be considered as a modifier of the exposure/dose
associdion. Thisassociation will be evaluated further by taking into account existing
pharmacokinetic models and parameters. Methods and approaches for ng the dermal
expaosure contribution relative to the biomarker measurements are of particular importance
because dermal exposure methods are not well developed.

The time frame for this project was identified asintermediate, given the complexity of the andyses.

Feasibility is moderate, given the need to link pharmacokinetic modds and parameters with statistical

andyses. Thereis broad applicability for improving the ability to interpret biomarker measurements

to arange of EPA gods, IHEC recommendations (integration of exposures and relative contributions
and questionnaire anadyses), and NHEXAS objectives (occurrence and determinants of exposure and

dose). Demand for these analyses appear to be less than for Project P-05.

P-06 Exploratory Data Analysis Methods for Evaluating Relationships Among
Questionnaires, Exposure, Dose, and Risk Factors—The god of this project isto identify

June 7, 2000 27 DRAFT-DO NOT QUOTE OR CITE



© 00 N o o A~ W N PP

N DN N DN DN DD DN DN NMNDN P PP PRk PP P
© 0O N oo o0 W N P O © 0o N OO 0o M WON B+ O

the factors that contribute to high exposures, to establish relationships among these factors and
exposure magnitudes and digtributions, and to understand subpopulation differences. Severa
andysis methods are now available for analyzing complex data setsto identify patterns,
relationships, sociodemographic variables, important factors, and combinations of factors that
influence or affect exposure digributions. These datawill be andyzed without a priori
decisions about rel ationships among the variables to generate new hypotheses regarding
environmental exposures.
This project involves more complex anaytica approaches and a very broad scope that will probably
require alonger time frame for completion. Feasibility may be limited by the completeness of the
NHEXAS study data and by limitations in applying some andytica techniques to categorica
response data (i.e., questionnaires). However, the results could have fairly broad applicability by
helping to classfy the NHEXAS datainto variable groups and focus future exposure assessmentsin
nationd surveys, epidemiologica studies, and risk assessments. Refinements could be made to the
guestionnaires used in subsequent studies that reduce participant burden and study costs. This
project addresses some EPA needs, aswdl as IHEC recommendations for questionnaire analyses

and NHEXAS objectives to understand the determinants of exposures.

P-07 Use of NHEXAS Data To Test Assumptions About Activity Pattern Factors and Other
Exposure Factors in EPA Risk Assessments— The god of this project is to test assumptions
and scenarios used in current assessment procedures, to improve current exposure assessment
methodologies, and to identify factors where further study is needed. This project will
examine the use of activity pattern factors and other exposure factors in risk assessments as
they are done in EPA’s Air, Water, Hazardous Waste, Pesticides, and Toxics programs.
Examplesincdude (1) examining NHEXAS time/activity diaries and follow-up questionnaire
data to determine the repetitiveness (frequency) of behavior over a 6- or 7-day period and
comparing this with existing timefactivity databases; (2) examining the rdaionship among
climate, season, level of exertion, and drinking water intake; (3) preparing exposure scenarios,
evauating scenarios with NHEXAS data, and comparing those results to results obtained

using current exposure assessment methods, scenarios, and assumptions; and (4) using

June 7, 2000 28 DRAFT-DO NOT QUOTE OR CITE



© 00 N o o b~ wWw N P

=
N B O

B
W

15

16
17
18
19
20
21
22
23
24
25
26
27
28
29

NHEXAS data to design scripted sampling protocols for subsequent modd testing or trend

monitoring.
Thetiming for this project was identified as intermediate, given the complexity of tasksreative to
other andyses. Feashility was estimated to be low, given the limited resolution (time and locations)
of the NHEXAS time/activity diary used for aweek-long collection period, as compared to more
detailed recall diaries that have been used for a 1-day period and without the additiona requirements
involved in amonitoring sudy. The andysis of activity patterns could be used to test assumptions and
scenarios used in current assessment procedures, to improve the current EPA methodol ogies, and to
identify factors where further study is needed. Applicability was considered moderate for addressing
EPA needs, as well as IHEC recommendations and NHEXAS objectives.

4.3 DATA ANALYSISAREA THREE: SPATIAL AND TEMPORAL
VARIABILITY

4.3.1 Overview

Environmental media concentrations of chemicas and exposure patterns of individuas vary
over both space and time. NHEXAS studies have collected extensive data on environmental
concentrations, exposures, questionnaires, time activity, and dietary patterns from participating
subjects and households sdlected from many different communities in EPA Region V, Arizona, and
Maryland. Moreover, the Maryland component of the NHEXAS study has gathered exposure,
activity, and dietary survey data on alarge cohort of subjects over multiple months and seasons and
over seven consecutive daysin each cycle. Thus, the NHEXAS database (particularly the Batimore
Study) offers a unique opportunity to examine the spatia and tempora variability in human exposures
to both sngle and multiple chemicas and to identify key factors that effect inter- and intraindividua
varighility in exposures.

The andysis of tempord variahility in exposures and concentrations will include analysis of both
single and multiple chemica concentrations measured in each of the environmenta media by the three
NHEXAS studies. Both within- and between-study variability will be examined. Tempord variability
in human behaviors and dietary patterns will be andyzed and interpreted in relation to observed
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changesin the exposure patterns over time. Specificaly, NHEXAS Maryland dietary and activity
pattern data will be used to develop predictive relationships between single-day and longer term
observations. Thisanaysiswill determine the rdiability of using short-term measures of exposurein
the assessment of long-term or chronic exposures of individuas and populations.

NHEXAS data from dl three sudies dso will be used to investigate the spatid variability in
concentrations exposures, doses, and activity patterns. Geographica factors (i.e., differences
because of various spatia aggregations, Sates versus counties, rura versus urban) and climatic
factors influencing these measurements will be evauated. The spatia and tempord andysis of the
NHEXAS datawill be used to characterize the variance components of NHEXAS data, including the
inter- and intrapersond, tempord (e.g., integration time, seasonal, weekly), activity-related, and
gpatid variahilities by sample size for each of the pollutants by pathway, medium, and integrated total
exposure. Results will be used to optimize future NHEXASike study designs. Findly, the results
from these analyss and the NHEXA'S database will be used to develop and eva uate models for
quantifying within- and between-subject variability in pesticide exposures and biomarker

concentrations.
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4.3.2 Developing Prioritiesfor the Projects

TABLE 7. SPATIAL AND TEMPORAL VARIABILITY?

Broad Demand

Project ID Project Title Timing Feasibility Applicability (Urgency)
ST-01 Temporal Variability in Exposure Concentrations N H H

and Aggregate Exposure Using NHEXAS Data
ST-02 Use NHEXAS Dietary and Activity Pattern Data N H M

To Develop Predictive Relationships Between

Single Day Observations and Long-Term Patterns

of Behaviors
ST-03 Characterization of the Variance Components of N mP H

NHEXAS Data to Optimize Future Designs
ST-04 Spatia Variability N MP
ST-05 Investigate Stability of Individualsin Population I H M

Exposure Ranks Over Time
ST-06 Spatial and Temporal Variability in Multichemical I mb H

Exposure
ST-07 Development and Evaluation of Modelsfor L M H

Interpreting and Quantifying Inter- and
Intraindividual Variability in Pesticide

Exgosure/Dose Usi ng NHEXAS Data.

N = near term; | = intermediate term; H = high; M = medium; L =low; Y =yes.

bSpatial variability can be determined on national, regional, and community bases when the NHEXAS data
setsare available. However, the exact location of NHEXAS participants will not be included in the
NHEXAS data sets to protect the confidentially of theindividual participants of the study. Thus,
comparisons of personal exposures with point sources cannot be accomplished without the cooperation of
the principal investigators of the various NHEXAS consortia. Therefore, the criterion of feasibility was
ranked medium for these projects, as compared to other projects without such concerns.

Seven projects were identified in this topic area. The ranking scheme and criteria described
earlier—timing, feasbility, and broad applicability—were usad to rank the projectsin thisarea
Table 7 provides the rankings, and the following sections discuss the rationde for the rankings. Once
again, relative timing was consdered as thefird criterion to establish rankings for the projectsin this
research area. Many of these investigations can be sarted in the near term, when the NHEXAS data
sets are available (Projects ST-01 through ST-04). The methodol ogies and expertise are available to
dart these projectsimmediately. However, Project ST-01 was the highest ranked project because it
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scored best in all categories (timing, feasibility, and broad applicability). Second-ranked Project ST-
02 aso received the highest rankings in terms of timing and feasibility. However, it does not have the
broad applicability that Project ST-01 has because it focuses solely on the temporal aspects of
dietary and activity behavior. The other two projects, which were ranked highest for the timing
criteria (Projects ST-03 and ST-04), both received a medium feasibility criteriaranking because
comparisons of persond exposures with point sources cannot be accomplished without the
cooperation of the principa investigators of the various NHEXAS consortiawho need to maintain the
anomymity of the location of the subjects.

Projects ST-05 and ST-06 were ranked as intermediate projects in terms of timing because of
the complexity and scope of the analysis required for their successful completion. Also, this sequence
of rankings is congstent with the philasophy of completing smpler building blocks before more
complex tasks are undertaken.

The project that ranked last in terms of timing was ST-07. This project requires the
development and refinement of pharmacokinetic models.

ST-01 Temporal Variability in Exposure Concentrations and Aggregate Exposure Using
NHEXAS Data— The god of this project isto determine optimum drategies and designs
for future exposure investigations. Questions to be addressed include when is it possible to
estimate exposure from asingle set of cross-sectiond measurements, and what is the
optimum number of such measurements that must be made for each pollutant medium class
and for total exposure? Of interest is an understanding of the tempora span of the
toxicologicd effect (i.e., What is the exposure duration of interest? Does variability occur
over such aduration?).

This project has important implications for risk assessment because it will help account for uncertainty

because of intraindividua variability over time and the factors that influence thet varigbility. Most

personal exposure measurement data are collected over ardatively short period of time (e.g., aday
or week). However, exposure scientists often are interested in chronic individua exposure
digtributions (e.g., a season, ayear, or even 70 years) for risk assessments and for the mitigation of

unwanted exposures. In the past, exposure scientists often were forced to use population exposure
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digtribution data (alarge number of individua sngpshots sampled once a various times) to atempt to
predict individua digtributions. This project hasimplications for epidemiology because it will help
reduce uncertainty because of misclassfication resulting from bias introduced by failing to account for
tempord variability in exposure indicators for agiven individud. In addition, it will help determine
optimum strategies and designs for future nationa exposure studies.

ST-02 Use NHEXAS Dietary and Activity Pattern Data To Develop Predictive Relationships
Between Single-Day Observations and Long-Term Patterns of Behaviors — The goa of
the project is to describe the relationship between short- and long-term measurements of
exposure-reated behaviors that can be used in models of long-term exposures. Thiswill be
accomplished through the use of datistical techniques to determine the relationships between
measurements of exposure-related behaviors (e.g., dietary and activity patterns) on asingle
day and in subsequent longitudind measurements. Therefore, the short-term relationships
will be used to develop predictive modds of longer term behaviors. Such data are critica to
the accurate estimation of dose rates over periods longer than asingle day.

This project was ranked second because of timing and feasibility considerations (it received the

highest scores possible in these categories). The ability to predict long-term behaviors from

short-term observations is extremely important to understand exposure patterns over time. However,

this project does not have the broad applicability of that of Project ST-01.

ST-03 Characterization of the Variance Components of NHEXAS Data To Optimize Future
Designs— The god of this project is to characterize the variance components of NHEXAS
data, including the inter- and intrapersond, tempord (e.g., integration time, seasond,
weekly), activity-related, and spatia variabilities by sample sze for each of the pollutants by
pathway or medium and by integrated total exposure. Resultswill be used to optimize future
NHEXAS design. Exposure data from each of the three NHEXAS studies will be andyzed
to determine the inter- and intrgpersona, temporal, and spatid variabilities in exposure
digributions. Anaysswill be performed by pollutant, both pathway-specific and as
integrated total exposure, aswell as by subpopulation. Variabilities will be assessed using
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sandard Statistical gpproaches, including the coefficient of variation and one-way anayss of

variance (ANOVA) and mixed model approaches. Graphicd techniques will be used to

evauate and determine gppropriate pollutant- and media-specific sampling Strategies.

As possible, pollutants will be grouped based on identified appropriate sampling Strategies.

This project should be limited to representatives of the various chemica classes (eg., metas,

pesticides, VOCs).
This project was rated highly in terms of timing and broad applicability. The proposed project
directly addresses SAB concerns and, as aresult, will improve subgtantialy the ability to optimize the
design of future NHEXAS and other exposure studies. It will incorporate findings from each of the
three NHEXAS consortia and will alow the sampling plan of each consortium to be examined ina
systematic and quantitative manner. However, the spatid variability aspects of this project giveit a
medium feasbility rank because comparisons of persona exposures with point sources cannot be
accomplished without the cooperation of the principa investigators of the various NHEXAS

consortia (see Table 7 note).

ST-04 Spatial Variability— The gods of this research are to identify spatial and geographic
factors contributing to high exposures for consideration in exposure assessment, to determine
representativeness of local and regiond datafor use in assessments of other regions, and to
identify geographicaly defined point and area sources. These andyses will help assessors
understand the geographic variability of pollutant concentrations and exposures and the
impacts of such things as population dengty, climate, eevation, and local culturd factors. It
aso will examine the impact of identifiable, geographicaly located sources on exposure
levels. Information on spatid variability aso will contribute to the more efficient design of
future studies.

This project was highly rated in terms of timing and broad applicability. However, the spatiad

variability aspects of this project give it amedium feasihility rank because comparisons of persona

exposures with point sources cannot be accomplished without the cooperation of the principa

investigators of the various NHEXAS consortia (see footnote for Table 7).
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ST-05 Investigate Sability of Individuals in Population Exposure Ranks Over Time— This
project will investigate the effect of using cross-sectiona studies on estimates of exposure
factor digtributions. Cross-sectional studies are cost efficient because they collect minimal
observations per individua, but they provide no indication of tempord variability. Measures
of intraindividua tempord variability do not necessaxily tell the complete story, asindividuas
may vary in concert because of factors such as seasond changes. It is aso useful to examine
the stability of individud’s pogtion or rank in the population exposure distribution to
determine how this stability influences the predictive ability of various exposure distribution
parameters. Thiswill be accomplished by identifying feesible and relevant variables from
NHEXAS for study, developing and evauating methods for examining tempora variability
(and gahility) of individuas, and through the use of mixed models to develop repeated
measure, tempora correation estimates.

Timing of this project was rated intermediate, resulting from the complexity of the task because of the

suggested approach (i.e., identification of reevant variables and the need to develop methods to

examine tempora variability and stability and models to provide repeated measure, tempora

correlation estimates).

ST-06 Spatial and Temporal Variability in Multichemical Exposure — The god of this project
isto characterize the magnitude and variability of exposure to multiple chemicas measured in
al environmental media by the three consortia. This study will provide some of the first
information on multichemica and multipathway exposures required for cumulative risk
asesaments. The suggested approach isto examine multiple chemical exposure, first for
each route of entry and second for aggregate exposure.

The need to assess risks of cumulative chemical exposuresiswell recognized within the scientific and

regulatory communities. Littleinformation is available for such assessments. Andysis of the tempora

and spatia aspects of the NHEXAS datais important to reduce uncertainty in the exposure
estimates for these assessments. However, methods and data to support cumulative chemical
exposure generdly arelacking a thistime. In addition, the spatid variability agpects of this project
give it amedium feashbility rank because comparisons of persona exposures with point sources
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cannot be accomplished without the cooperation of the principa investigators of the various
NHEXAS consortia (see footnote for Table 7).

ST-07 Development and Evaluation of Models for Interpreting and Quantifying Inter- and
Intraindividual Variability in Pesticide Exposure/Dose Using NHEXAS Data— The
god of this project isto develop, test and evauate, and make available to EPA and the
scientific community a large, a mechanism-based computationa tool for characterizing and
quantifying inter- and intraindividud variability (i.e., cross-sectiona and longitudingl
variability) in pesticide exposures/doses of human populations. This project will andyze
cross-sectional and longitudina biomarker and exposure data for pesticides considered in
NHEXAS (such as chlorpyrifos and atrazine) to develop and test popul ation-based
pharmacokinetic (i.e., pharmacogtatistical) modds that explicitly discern and quantify intra-
and interindividud variability in human doses

Quantitetive characterization of inter- and intraindividual dose (and corresponding exposure) to

common pesticides will reduce the uncertainty in risk assessments. The mechanigtic approach to be

devel oped and evauated should be gpplicable to awide range of exposure situations and U.S.

population segments. However, this was deemed along-term project because the devel opment and

refinement of pharmacokinetic modelsis required.

4.4 DATA ANALYSISAREA FOUR: AGGREGATE EXPOSURE,
PATHWAY ANALYSIS, AND CUMULATIVE RISK

4.4.1 Overview

This data analysis area addresses exposure via multiple pathways and risks from exposure to
more than one environmenta agent. EPA risk assessments are evolving from afocus on sngle
environmental agents and, often, a single medium to assessments of tota risk from exposure to
multiple chemicas viamultiple pathways. NHEXAS was designed as a multipathway, multichemica
exposure study, which will provide the data to test many hypotheses related to aggregate exposure
and cumulativerisk. Aggregate exposure is defined for purposes of this strategy astotal exposure to
agngle environmenta agent. The term “cumulative risk” is used in different ways by different
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programsin EPA. It may be used to mean risk from exposure to a set of environmenta agents that
have the same hedth endpoints or modes of action, the risk from exposure to al such agentsin the
environment regardless of endpoint or mode of action, or in the broadest sense, the risk from all
environmenta stressors and their interaction with genetic factors. NHEXAS provides arich database
of multiple measurements of environmental and biologica concentrations of chemicas and persond
data on individud activity patternsthat will help in the study of many of these issues.

4.4.2 Developing Prioritiesfor the Projects

TABLE 8. AGGREGATE EXPOSURE, PATHWAY ANALYSIS,
AND CUMULATIVE RISK?

Broad Demand

Project ID Project Title Timing  Feasibility  Applicability (Urgency)
AE-01 Aggregate Exposure N H H Y
AE-02 Comparison of Children’s and Adults’ N M H Y

Exposures to Pesticides and Other

Chemicalsin the Region V, Arizona, and

Maryland Studies
AE-03 Construction of an Empirical I M M

Multimedia/M ultipathway Exposure

Distribution Model Including Temporal

Variability Based on NHEXAS Data
AE-04 Cumulative Risk from Exposureto NHEXAS L M H

Chemicals

N = near term; | = intermediate term; H = high; M = medium; L =low; Y =yes.

Four projects were identified in this topic area (Table 8). The ranking scheme and criteria
described earlier—timing, feagbility, broad applicability, and demand for results—were used to rank
the projects. The two near-term projects (Projects AE-01 and AE-02) are those for which
techniques are available to analyze the NHEXAS data and to achieve the desired results. Thesetwo
projects then were sorted by feasibility. Project AE-02 was rated lower for feasibility because it
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requires comparison of data from separate NHEXAS studies, which may not aways be directly
comparable. The multipathway exposure modd (Project AE-03) israted intermediate for timing.
Deveopment of probabilistic multipathway modds is complex and requires the preliminary
assessments of Project AE-01, as well as completion of exposure anadysis projects, to complete the
modd. The cumulative risk project (Project AE-04) is consdered long-term. Cumulative risk
asessments are highly complex. Some parts of the project, such as examination of corrdations
among exposures to different chemicals can be examined in the short term, but the overdl project will

take consderable time to accomplish.

AE-01 Aggregate Exposure — The god of this project is to estimate multiroute, multipathway
exposures to sngle NHEXAS target chemicas. Environmenta and persona concentration
data and questionnaire data, supplemented by data from other sources and professiona
judgment will be used to estimate totd exposure for each individud respondent. Existing
modd s will be used to combine data to estimate aggregate exposure as a total absorbed
dose. Tota absorbed doses will be compared to biomarker data. Absorbed doses for
each individua will be disaggregated by pathway, alowing identification of the contributions
of each pathway to absorbed dose. Contributions of exposure factors (e.g., activity
patterns, dietary intakes, season, climate) to high-end exposure will be investigated by
comparing factors to total absorbed dose or biomarkers.

This project is near term and can be started as soon as the NHEXAS database is available.

Aggregate exposure assessments have been conducted for many yearsin ORD and in multimedia

EPA programs, such as the Hazardous Waste Program, the Toxics Program, and, more recently, the

Pedticides Program.  The expertise and methodology are available to start this project immediately.

Feeshility is high, given that the NHEXAS studies were designed specifically to assess total

exposure. There will be data gaps for some parts of the exposure modd, but missing information can

be obtained from other sources and supplemented by professiond judgment where necessary. The
project has broad gpplicability. 1t will provide information on important pathways of exposure for
particular target chemicals, identify pathways or exposure factors that have not been considered in
assessments, and may show that some pathway's are not as important as they were believed to be.
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Parts of this project could be characterized as “urgent” in the sense that the results will be useful to
ongoing EPA programs, such asthe Pesticides and Air programs.

AE-02 Comparison of Children’s and Adults' Exposures to Pesticides and Other Chemicalsin
the Region V, Arizona, and Maryland Studies— The god of this project is to conduct
aggregate exposure and cumulative risk assessments that compare children’s and adults
exposures to NHEXAS target chemicas. The Minnegpolis-St. Paul, MN, study of children
aged 3 to 12 will provide the dataon children. The Region V and the Arizona studies will
provide the data on adults and a smal number of children. Systematic procedures for
comparing the data across studies will be developed. Many different endpoints for children
and adults can be compared: biomarkers, persona exposure measurements (e.g., dietary
intakes of chemicas per unit body weight), activities, and absorbed doses by single or
multiple pathways. Hedth risks dso will be assessed and compared using appropriate
toxicity values.

This project israted a near-term project for the same reasons given for Project AE-01. Feasihility is

rated medium for two reasons. Firg, children’s exposures in the Minnesota study may have to be

compared to adults exposuresin Region V and Arizona. The Arizona study used different sampling
protocolsin some cases, and, therefore, comparisons may not always be possible. Second, in most
cases, toxicity measures for childhood exposures and endpoints may not be available because of lack

of data. Thus, it may not be possible to make ared comparison of age-related risk but, rather, only a

comparison of exposure. The project is rated high for broad applicability because dl EPA programs

are interested in the conditions under which children are at greater risk than adults from exposure to
environmenta contaminants. Two recent Satues, FQPA and the Safe Drinking Water Act

Amendments of 1996, specificaly require EPA to consder risk to children in regulatory actions. This

study will provide comparisons of exposures and help identify the exposure pathways and factors that

contribute to the greatest differences between children and adults. For programs such as the Office
of Pegticide Programs (OPP) residentia exposure programs, this comparison of children and adults

could be considered urgent.
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AE-03 Multi-Pathway Exposure Modeling — The god of this project is to develop multipathway
models for NHEXAS target chemicas. Current multipathway exposure modes are based
on sudies that usudly were limited to a single medium and generdly lacking in longitudind
data Existing modeswill be enhanced to alow use of empirical multivariate distributions
derived from NHEXAS data. Tempord variability will be incorporated into the models
using the Maryland data.

This project is ranked as intermediate because some preiminary exposure andysis will have to be

conducted prior to development of a comprehensive model. Feashility israted medium. The

development of the mode will require the integration of the Maryland longitudina study with the
cross-sectiona sudiesin Arizonaand Region V. Problems of different sampling protocols will arise.

It will be somewhat difficult to integrate children’s scenariosinto the modd. Although of some

interest to the various programs, a multipathway exposure modd is more immediately useful asa

research project that integrates results of many of the other projects described in this strategy. The
project will extend empirica modeds to include tempora variability, alowing for the estimate of
exposure digtributions over a 1-year period. The likelihood of developing a complex multipathway
aggregate exposure mode that could be used for awide number of chemicas may be somewhat

limited because each chemica has a different set of exposure scenarios, and incorporation of dl

possible scenarios would be very labor intensive. In addition, it is difficult to update the modd as

new data becomes available. Thus, EPA programs use generd models for screening purposes, but
usudly develop their own modds for more intensve assessments. This project isranked below the

others as having somewhat less applicability across EPA.

AE-04 Cumulative Risk from Exposure to NHEXAS Chemicals — The god of this project isto
examine cumulative risks of exposure to more than one NHEXAS target chemical.
Multivariate satistica methods will be used to determine whether concentrations in persond
air, dudt, diet, and biologica samples co-vary across subjects for different chemicals.
Groups of NHEXAS chemicaswill be identified that are gppropriate for cumulative risk
assessment, based on factors such as common toxicity endpoints and like modes of action.

If data are available, synergitic and antagonistic interactions will be taken into account.
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Otherwise, additivity will be assumed. EPA guidance on assessment of mixtures will be

followed. Thisproject calsfor innovative gpproaches to using the NHEXAS datain

ng the impact of exposures to multiple chemicals.
Methods and data to support dose-response assessment for mixtures of chemicals generaly are
lacking. There are afew cases where assessments have been done for chemicas with common
modes of action (e.g., dioxin-like compounds, organophosphate pesticides). In generd, however,
most such assessments tend to focus more on aggregate exposure than on the risk component of the
assessment. There are few methods for assessng cumulétive risk for chemicas with different
endpoints. Therefore, this project isranked as along-term project. The feasibility is rated medium.
The NHEXAS database will support the aggregate exposure analysis required for cumulative risk
assessment. The dose-response data are probably available now for many chemicds. If additivity is
assumed, acumulative risk analysis of some sort might be feasible. However, success likely will
increaseif the project is delayed until some additiona guidance and methods have been devel oped.
Cumulative risk assessments are rated high for broad gpplicability to al program offices. These
andyseswill provide indgghts into whether high exposure to one chemicad in adass correlates with
high exposure to others and will alow comparison of chemicals across classes. The analysis will
contribute to development of guidelines for cumulative risk assessment. Thisareais ranked below the
aggregate exposure project because that project is likely to provide analyses that can be used
immediately in EPA assessments.

4.5 DATA ANALYSISAREA FIVE: EVALUATION/REFINEMENT OF
CURRENT EXPOSURE MODELSAND ASSESSMENTS

4.5.1 Overview

NHEXAS studies have generated arich database on some source emission characteristics,
environmental media concentrations, time-activity and dietary patterns, and individua measures of
exposure and dose. Thus, the NHEXAS database offers a unique opportunity to test existing
exposure models and to develop new or improved exposure and dose modeling methods. Thistopic
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areaincludes anumber of proposas on evauating and developing human exposure and dose models
by utilizing the NHEXAS database.

One of the main objectives of the NHEXAS pilot studies was to compare NHEXAS exposure
measurements with exposure projections derived from exposure models and data that were available
prior to conducting the NHEXAS studies. Comparison of preeNHEXAS study modd results with
data and findings from the NHEXAS study will alow both the evauation of the current exposure and
dose modds and the implementation of research to refine these models in areas where significant
discrepancies are obsarved. Thisandysis will involve evaduating the results from the multimedia
multipathway population exposure mode s for benzene, lead, and chlorpyrifos that were developed
using only the information available prior to the NHEXAS study measurements. Following these
evauations, the pre-NHEXAS modes will be updated using the information collected during the
NHEXAS sudies. NHEXAS data dso will be used to evaluate other existing or emerging air quality
and multimedia models, such as the Cumulative Exposure Project (CEP), the Multimedia Pollutant
Assessment System (MEPAS), Hazardous Waste | dentification Rule, Stochastic Human Exposure
and Dose Smulation, Modding Environment for Total Risk Studies, CATOX, Tota Risk Integration
Methodology (TRIM), and LifeLine™, etc. In addition, NHEXAS datawill be used to evauate the
limitations of the current screening methods or models used to make regulatory decisions for
Superfund Sites, pesticide regulations, and emissionsto air or weter.

Development of new or refinement of existing multimedia multipathway models aso requires
detailed information on various modd parameters, such as ingestion rates, source strengths, air
exchange rates, etc. Inaddition to generating average estimates for these parameter values, more
complete characterization of ranges and uncertainties associated with these mode parameters are
beneficia to mogt of the current probabilistic exposure models. Following the modd evauation
project, the planisto develop mode input parameter distributions using the NHEXAS monitoring,
questionnaires, time-activity, and survey data. Specific emphasis will be placed on key exposure
parameters that are likely to contribute to high-end exposures. Related andysis projects will examine
the nature and magnitude of uncertaintiesin the NHEXAS data, and how they may contribute to
moddling errors. Finally, NHEXAS data on biomarker concentrations will be andyzed to develop
new methods for recongtructing individua exposure profiles usng questionnaires and time-activity
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exposure profiles. Children, aswell as the genera population, will be considered during al of these

investigations.
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4.5.2 Developing Prioritiesfor the Projects

TABLE9. EVALUATION/REFINEMENT OF CURRENT EXPOSURE MODEL SAND

ASSESSMENTS?
_________________________________________________________________________________________________________________________________|]
Broad Demand
Project ID Project Title Timing Feasibility  Applicability  (Urgency)
M-01 Compare Pre-NHEXAS Model Results N H H Y
with NHEXAS Measurements
M-02 Develop Model Parameters from N H/M H
Qualitative and Quantitative NHEXAS
Monitoring Data, Questionnaires,
Time/Activity, and Survey Data
M-03 Comparison of NHEXAS Findings with N M M
CEP Estimates for Ambient Air Levels
and Exposures for Selected VOCs and
Metals
M-04 Evaluate Implications of NHEXAS | H/M H Y
Results for Existing Chronic Exposure
Assessment Methodologies
M-05 Evauation of Existing Multimedia I M H
Models Using the NHEXAS Data Set
M-06 Quantify Uncertaintiesin NHEXAS Data | M M
and Assess Contribution to Model
Errors
M-07 Reconstruct Exposure and Dose Profiles I M M

from Biomarker Data Utilizing
Questionnaire and Environmental
M easurements

&N = near term; | = intermediate term; H = high term; M = medium term; Y = yes.

Seven projects were identified in this topic area (Table 9). The ranking scheme and criteria
described earlier (timing, feaghility, broad applicability, and demand for results) were used to rank
the projects. Timing was considered relative to other projects within this area (i.e., which of these
projects should be done first), given the increasing complexity of these projects rdative to the other
topic areas. This assumes that some of the smpler modeling-related andyses would be conducted in

conjunction with other descriptive statistics and mutivariate andysis projects, and that these results
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would be available to the modders. The types, complexity, and scope of proposed andyses were
used to identify three projects (Projects M-01, M-02, and M-03) as near-term. Feasibility of
conducting the analyses using the NHEXAS study data and requirements for other models or data
then were used to further rank both near- and intermediate-term projects (e.g., Project M-02 versus
Project M-03, and Project M-04 versus Project M-05). After feasibility, broad applicability and
level of demand (or urgency of thisinformation to EPA) were used as criteriato rank near-term
projects within the same category of timing or feasbility (e.g., Project M-02 versus Project M-03).
Likewise, for the three intermediate-term projects related to evauation of existing multimedia modds
or uncertainty or biomarker anayses (Project M-05 versus Project M-06 and Project M-07), broad
gpplicability was used to help set the priorities. Table 9 provides the rankings, and the following
section describes the rationde for these rankings.

M-01 Compare Pre-NHEXAS Model Results with NHEXAS Measurements— The god of this
project isto compare pre-NHEXAS modd results for benzene, lead, and chlorpyrifos with
NHEXAS measurements. If models and data compare well, this provides an evauated
mode for usein predicting human exposures to these pollutants. These models and methods
then can be applied to populations outside of the NHEXAS study region. Differences
between measured and model ed results can be used to improve model predictions and to
provide information on limitations in the use of digparate udies. Overdl, this comparison will
provide confidence in using models to estimate multimedia exposures and will alow updating
pre-NHEXAS models with information obtained from the NHEXAS program measurement
data.

This project ranked first because of itsimportance in testing one of the important NHEXAS study

hypothesis regarding testing pre-NHEXAS study models againgt the data obtained from the

NHEXAS program. Thisanadyss project aso responds to severd IHEC suggestions pertaining to

exposure modd validation and refinement and integrating exposures from different media. It dso

provides atool for identifying factors related to high-end exposures among sensitive and generd
population groups. This project can be started in the near term as soon as the NHEXAS database
becomes available because the pre-NHEXAS study models for benzene, lead, and chlorpyrifos have
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been completed. For these three chemicdss, the project has high feasibility because they have
aufficient number of detects in the various media sampled during the NHEXAS study. This project
will have broad gpplicability. 1t will provide information for specific program offices on important
pathways of exposure for a particularly important pesticide, ametd, and aVOC. The pre-
NHEXAS study models will provide EPA with new probabilistic aggregate exposure assessment
models and help to advance the population exposure and dose assessment methodology. 1n addition,
this analyss project may reved important pathways or exposure factors that have not been
considered in previous assessments, and aso may show that some pathways are not as important as
they were believed to be. This project is characterized as urgent because ORD and various program
offices (e.g., OPP, Office of Air Planning and Standards [OAQPS)) are currently involved in the
andysis and modding of exposures to chlorpyrifos, leed, and air toxics. The models dso will
characterize exposures of children and other sengtive or highly exposed populations. Thisis
particularly important for EPA under the FQPA for assessing acute and chronic exposures to
children.

M-02 Develop Model Parameters from Qualitative and Quantitative NHEXAS Monitoring
Data, Questionnaires, Time/Activity, and Survey Data— The god of this project isto
develop exposure modd parameter (e.g., ingestion rates, emission rates) vaues, ranges, and
digtributions, making use of both quantitative and quditative data generated in NHEXAS.
Exposure parameters will be developed in accordance with the current state-of-the-art
exposure assessment and corresponding modd input requirements. Specific emphasis will be
placed on key exposure parameters common in multimedia exposure assessments and those
that are likely to contribute to high-end exposures.

This project is ranked second because most of it can be started soon and it has a high level of

feasbility of achieving itsgods. Idedly, some aspects of this project may need to be deferred until

certain basic descriptive gatistics or exploratory analyses of the data are completed. However,
andysis of exposure factors and survey data on known mode input parameters can be initiated in the
near term. This project has high significance. Multimediamodels currently developed by EPA and
other groups require exposure factor information in the form of digtributions. This project will
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improve existing exposure parameter distributions used in models and also evauate the utility of

guestionnaires for quantitative exposure andyss.

M-03 Comparison of NHEXAS Findings with Cumulative Exposure Project Estimates for
Ambient Air Levels and Exposures for Selected VOCs and Metals — The god of this
project isto (1) compare patterns and trends in monitored neighborhood ambient air levels of
VOCs and metas to the annud average estimates of the same compounds derived through
CEP and (2) evduate the relevance of CEP predictions to the types of exposure Stuations
characterized in NHEXAS.

Thisis a near-term project with a medium degree of feasbility and moderate applicability. It deds

only with the ar mediaand the inhdation route. The anadysiswill be feasible only for a subset of

VOCs and metals that have been detected in the NHEXAS air samples. The monitoring duration

and frequency and the location of samples collected in the NHEXAS study aso may restrict amore

complete evauation of CEP modd results. Spatia and tempord aggregations of the NHEXAS data
most likely will be required. This project aso has high rdlevance to OAQPS, which currently is

conducting a national air toxics assessment project.

M-04 Evaluate Implications of NHEXAS Results for Existing Chronic Exposure Assessment
Methodologies — The god of this project isto take the dose estimates from persona
monitoring or biomarker measurements and compare them to those predicted from EPA
screening methodologies (also referred to as Tier 1 or Initid Tier assessments). Examples of
these methods include recommended exposure models under the Superfund program and the
resdential standard operating procedures (SOPs) devel oped by EPA’s OPP. Screening
models (sets of dgorithms) are used widdly to make preliminary decisons for Superfund Sites,
pesticide regulations, and the evaluation of emissionsto air and water. However, high quaity
and reliable multimedia monitoring data to vaidate these modds are virtualy nonexigtent in
the literature, and, as such, the opportunity to test screening models, even on aqudlitative
scae, isrady avalable. NHEXAS datawill alow for testing and evauating these screening
level models and methods currently used by EPA.
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This project is ranked lower than the ones above mainly because of timing consderations. Projects
M-01, M-02, and others, such as Projects D-01 and D-02, are expected to precede this fourth
ranked modeling project. Projects D-01 and D-02 , for example, will develop the basic Satistica
summaries on persond exposure monitoring and biomarker data that will be used asinputs for this
modding project. Likewise, Projects M-01 and M-02 will be generating the necessary exposure
factor, digtary survey, time-activity, and environmenta concentration information needed to initiate
thisproject. Thisproject is quite feasible, depending on the pollutant type and the media sdlected.
Measurements that are below the limits of detection for certain chemicas may limit the utility of this
project. However, this project has broad applicability and high demand within EPA. Both chronic
and acute exposure and risk assessments conducted by the program offices (e.g., Office of Solid
Waste and Emergency Response, OPP) will benefit from the results of this project.

M-05 Evaluation of Existing Multimedia Models Using the NHEXAS Data Set — The god of
this project isto evauate the existing multimedia human exposure and dose models using the
NHEXAS data set. High-qudity and reliable multimedia monitoring data are virtualy
nonexistent in the literature, and, as such, the opportunity to test existing models, even on a
quditative scde, israrely avallable. Severd multimedia models have been developed, or are
under development, that predict media concentrations in residential environments based on
inputs such as source characterization, fate, and transport. Examples of modelsthat are
proposed to be evaluated include TRIM, MEPAS, Cumulative and Aggregate Risk
Evauation System (CARES), LifeLine™, and Consumer Exposure (CONSEXPO), as well
as other linked and nested compartmenta models.

Timing of this project is ranked intermediate because of complexity and diversity of the task.

Moreover, some of the models mentioned above are ill in developmental stages and may not be

available for complete evauation for another 2 to 4 years (e.g., CARES, TRIM). Relevant variables,

exposure factors, and other model inputs have to be developed first dso. Feasibility of this project
aso depends on the type of mode selected and the feasibility of inputs or information that can be
obtained from the NHEXAS study. The project has broad applicability within EPA because ORD
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and program offices are currently engaged in developing or refining a number of different exposure
and dose models for pesticides, metals, particulate matter, air toxics, PAHS, €tc.

M-06 Quantify Uncertaintiesin NHEXAS Data and Assess Contribution to Model Errors —
The god of this project isto address an important component of most population exposure
models dedling with proper characterization of parameter and mode input uncertainties. This
andysiswill provide acomprehengve set of uncertainty estimates based on the NHEXAS
database, s0 that uncertainty is addressed consistently and does not lead to redundant effort
by modelers. The project aso will examine how the data uncertainties may impact modeling
uncertainties and illustrate with case studies. Incluson of uncertainty estimates and
descriptions in exposure assessments and models will improve the risk assessment process
and will inform the scientigts, the public, and the regulatory community of possible limitations
in the use of the data

Timing of this project was rated intermediate, again because of the complexity of thistask and the

suggested approach (i.e., identification of relevant factors, data sets, correlations among variables,

and spatia and tempora dependencies among the various parameters and values). The project hasa
medium level of feasbility and moderate applicability because proper characterization of uncertainties
will be limited by the NHEXAS study design. Namely, the types and numbers of measurable or
quantifiable variables available for andysis will vary by NHEXAS region and pollutant type.

M-07 Reconstruct Exposure and Dose Profiles from Biomarker Data Utilizing Questionnaire
and Environmental Measurements— The god of this project isto develop and evauate a
methodology that provides redlistic estimates of the dose and exposure associated with a
biomarker measurements as a function of the types of exposure that occurred. The
relaionships among environmental measurements, time/activity data, and biomarker levels will
be investigated, with the god of classfying exposure scenarios into steady-state cases (e.g.,
from long-term average exposures) and intermittent events. There are severa assumptions
regarding the route and timing of dose that need to be addressed in making these estimates,
and the questionnaires and time/activity datawill be used to make these determinations. The
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andysiswill attempt to focus on the exposures of children, in addition to the generd

population.
This project needs to be scheduled after the earlier or near-term projects because it requires inputs
and information from chemica-specific exposure and dose assessments. Biomarker datawill be
restricted to afew andytes only (e.g., 3,5,6-trichloropridinol [ TCPy] and arsenic in urine, VOCs and
metalsin blood). Development or gpplication of these models aso requires information on
absorption, metabolism, and eimination of these chemicas, and data regarding the timing and routes
of exposures. Consequently, the applicability of this project will be restricted to few chemicals.
NHEXAS study design dso introduces some difficulties in recongtructing exposure profiles.
Tempora or repested personal or microenvironmental measurements are not widely collected.
Quedtionnaire and time-activity diaries dso have limitations in providing high-leve time-resolved
information on source use (e.g., pesticide applications), activities, and concentrations. Estimation of
individua dose and biomarker concentrations could be limited if sufficient tempora or spatid

information on concentrations or exposure factors are not available or need to be estimated.

4.6 DATA ANALYSISAREA SIX: DESIGNING EXPOSURE STUDIES

4.6.1 Overview

A magjor objective of the NHEXAS studies was to evauate the feasibility of NHEXAS
concepts, methods, and approaches for the design and conduct of future population-based exposure
dudies. To thisend, ORD encouraged crestive thought in both design and implementation of the
NHEXAS pilot sudies. Although each study had the same basic god of measuring multimedia,
multipathway exposures for defined populations, each employed different gpproaches to many of the
design, sampling, and eva uation procedures. Components, such as the hypotheses tested, selection
criteria of participants, incentives for participation, and sampling designs, differed among studies. In
some cases, state-of-the-art field measurement approaches were employed, wheress, in others, new
and novel approaches were tested. Coupled with other aspects of the studies that were common,
such asthe NHEXAS questionnaire, food, water, and biological andyses, and comparative qudity
assurance, the contrasting approaches provide a lucrative database for eva uation and comparisons
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among the sudies. The lessons learned from these eva uations and comparisons of the NHEXAS
sudies will advance the state-of-the-science for future residential-based, multimedia, multipathway
exposure studies and will serve as an important first step in the design of future large- or nationd-
scale exposure studies based on the NHEXAS concept.

Future large-scae exposure studies must be done smarter and more efficiently. Fundamentd in
ataining this god isthe use of cogt-effective gpproaches that will provide sufficiently accurate
measures of exposure and the data needed for improving exposure models. The cost-benefit of the
various gpproaches used within the three studies can be eva uated to determine which procedures
worked well and where improvements are required. For example, an evauation of the effectiveness
of the questionnaires and smplified or indirect sampling schemes may identify screening tools that can
classfy more highly exposed individuals at reduced costs. Evauations among the NHEXAS studies
of study design components, such as communication strategies and quaity assurance and data
management procedures, will determine the optimum set of criteria and recommendations for
Sandardizetion in future sudies.

4.6.2 Developing Prioritiesfor the Projects

Thisdata andlyss area (Table 10) has the single goa of using the NHEXAS experience to
improve the design of future exposure studies, a pecific recommendeation of IHEC. With multiple
large and small-scale exposure studies currently in their early planning phase, each of the projects
identified is critica and urgently needed to meet the god of this data andlysis area, dictating that al
projects need to be conducted in the near term. Therefore, the “Timing” criteria alone can not
distinguish projects for the purpose of sorting them; all projects are designated as near term.
However, as the success of the design of an exposure study depends on a certain sequence of events,
s0 does the timing of certain projects within this data andysis area. Projects DES-01 and DES-02
are fundamentd in planning the design of future large-scae exposure studies, and clearly need to be
darted first, irrespective of other ranking criteria. Both of these projects are urgently needed because
they provide critica information to begin the design process of a population-based exposure field
sudy. A few of the projects (e.g., Project DES-03) will compare various procedures used in the
NHEXAS studies and depend on feedback of lessons learned from those involved in conducting the

June 7, 2000 51 DRAFT-DO NOT QUOTE OR CITE



sudies. These projects need to beinitiated while there is ill historical knowledge and availability of
personnd. One such
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TABLE 10. DESIGNING EXPOSURE STUDIES?

Broad Demand
Project ID Project Title Timing Feasibility =~ Applicability  (Urgency)

DES01 Survey and Statistical Aspects of the N H H Y
Design of an Exposure Field Study:
Lessons Learned from the NHEXAS
Pilot Studies

DES-Q2 Evaluating Modeling Considerations for N M H Y
the Design of Future Exposure Field
Studies

DES(03 Scaling Up: Evaluation of the NHEXAS N H H
Pilot Fixed Costs, Coordination and
Communication Strategies, and Degree
of Standardization

DES04 Influence of Incentives, Response N H M
Rates, and Nonresponse Bias on Survey
Design

DES-05 Cost-Effectiveness of Exposure N M H Y
M easures and Comparisonsto Indirect
M ethods

DES-06 Optimizing NHEXAS Pilot Information N M H
and Methodsto Move to aNational-
Scale Exposure Field Study

DES-07 Cross-Studies Evaluation and N M M
Recommendations for Standardization of
Data Management Proceduresin
Large-Scale Exposure Field Studies

DES-08 Evaluation of NHEXAS Results To N M M
Derive an Optimal Set of QA/QC
Activities for Human Exposure Field
Studies

N = near term; | = intermediate term; H = high; M = medium; L =low; Y =yes.

project, which will document important lessons learned from those conducting field monitoring and
laboratory analyses, has been initiated (Appendix C).

Fortunately, dl design-related comparisons among the three NHEXAS studies are not
dependent on the availability of acomplete NHEXAS database and are more feasible in the near
term (Projects DES-3 and DES-4). Still other critical projects require results-oriented comparisons
and are dependent on availability of both media concentrations and identifying informetion, as well as
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on preliminary andysis of the NHEXAS database descriptive satistics. These projects are judged
somewheat less feasible in the near term because of fundamentd differencesin the NHEXAS study
designs, but it is equaly important that these projects be initiated as soon as practical to provide
critical components for future design processes.

The required sequence for conducting the projects in the Designing Exposure Studies data
andydis area, dong with other agpplicable prioritizing criteriafor each project, is summarized in Table

10. Specific comments and rationale for near-term sequencing are provided below for each project.

DESO01 Survey and Satistical Aspects of the Design of an Exposure Field Study: Lessons
Learned fromthe NHEXAS Pilot Sudies — The god of this project isto provide
directly rdlevant and specific guidance for the sample and survey design aspects of future
large-scale, multichemica, multimedia exposure fidd studies. A review, revison, and
updating of the discussions, andyses, and conclusons that provided the foundation for the
NHEXAS design, as presented in the Cadlahan et d. paper (JEAEE, 1995), will be
conducted in light of the NHEXAS studies experience. The hypothetica cadculations
would be replaced with calculations based on actud NHEXAS studies data. In addition,
the andyticd and Satistical hypotheses that were generated in the design of the NHEXAS
pilot sudies will be reviewed to determine which hypotheses were testable and which
were not.

Thisisthefirg of two projects identified that provides foundationa information and should be

conducted before future exposure study design processes areinitiated. Fundamenta in the design

process is the selection of the appropriate survey and sample designs (sampling units, households,
screening strategies, household members, etc.) that will support the hypothesesto be tested. The

NHEXAS studies provide the information needed so that hypothetical interclass correations, design

effects, and variances now can be replaced with actud data for different pollutants and classes of

pollutants. The project is highly feasible and should commence with the availability of the NHEXAS
database. It has broad applicability for exposure studies in genera and is urgently needed for the
design of currently planned ORD national-scale exposure studies.
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DES02 Evaluating Modeling Considerations for the Design of Future Exposure Field

Sudies— The god of this project is to establish a procedure wherein modeling
consderations are accommodated in the early stages of the design of future exposure field
dudies. In conducting field studies, usudly a study is designed, monitoring data and other
related data are gathered, and then gatistical analyses are performed to interpret the data.
However, from amodd development, modd application, or model evauation perspective,
the data gathered may be insufficient, particularly for inferential purposes, if information on
important exposure modd variables have not been obtained during the sudy. To achieve
the god of this project, the model parameters for incorporation into the study design must
be understood at the earliest stages of study planning. Sample parameters include those
related to timefactivity patterns, contact rates, and derma and dietary exposure (e.g.,

surface coverings in residences, contact times with these surfaces).

Thisis the second project identified that is sequentidly required in the near term , and that provides
critical input to begin the design process of an exposure study. Exposure measurement studies alone
cannot provide al the information required in the risk assessment/risk management paradigm used by
EPA. Models are required to interpret measurement results and select actions to protect the public.
It iscritica that exposure studies provide the correct information for exposure modding, and that this
information is considered from the very inception of the design process. This project is equaly
gpplicable and as urgently needed as the higher ranked project, but it is judged somewhat less
feasible because of the pilot nature of NHEXAS studies and the need for more complete evaluation
of the most effective procedures and methodol ogies employed in each of the Sudies.

DES03 Scaling Up: Evaluation of the NHEXAS Pilot Fixed Costs, Coordination and

Communication Strategies, and Degree of Standar dization — The god of this project
isto compare and contrast the implementation and communication strategies of the three
consortia to determine which worked well and which components need improvement and
standardization for the most cost-€efficient exposure field study possible. This project
evauates the NHEXAS pilot sart-up expenditures and cost implications for various scales
of coverage, the effectiveness of coordination approaches that were used and their

gpplication to afull scale survey, and communication approaches as results were shared
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with respondents and with local, Sate, and federd officids and organizations. A key
component of the analysis will be the evauation of approaches that were standardized
explicitly and a determination of whether or not the degree of standardization was
adequate.
Thisisahighly feasble project that must be initiated immediately before opportunities for fesdback
from the consortia and cooperating agencies involved in conducting the NHEXAS fidd studies are
logt. Experiences gained from coordinating and implementing the pilot studies provide vauable
information for the design of future sudies. Cogt of implementation and standardization of various
components can be compared among studies to provide ardative basis for scale-up.
Communications strategies are an important aspect of the success of an exposure fidd study, and the
three studies provide the opportunity to optimize gpproaches. All information is currently available
and not dependent on the combined NHEXAS database, making this project highly feasible for
immediate initiation. Applicability is high because the over-arching god of dl future fidd gudiesis
cost-effectiveness.

DES04 Influence of Incentives, Response Rates, and Nonresponse Bias on Survey Design —
The god of this project isto analyze NHEXAS recruitment procedures and incentives and
their effects on response rates for various subpopulations. Anadysis will be conducted of
potentia bias resulting from NHEXA'S nonresponse based on information obtained from
the descriptive questionnaire, and information and observations recorded by interviewers
on noncontacts or nonrespondents for each study and for various subpopulations,
important eements in the design of future exposure sudies.

This project will investigate other criticd dementsfor the design of a successful fidd sudy.  This

project is highly feasible and is also not dependent on the availability of the combined NHEXAS

database. It can beinitiated immediately. Applicability is ranked as medium because the NHEXAS
pilot studies cannot provide information on the procedures and approaches not specificaly
incorporated in them.
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DESO05 Cost-Effectiveness of Exposure Measures and Comparisons to Indirect Methods —
The god of this project isto eva uate the cost-effectiveness of exposure measures for
pollutants and pathways using decision analys's, vaue of information, and cost-benefit
andysistechniques. Datafrom NHEXAS pilot sudies questionnaires, environmenta
sampling, persond sampling, and biomarkers will be andyzed to assess the reproducibility,
accuracy, limits of detection, ranges, interferences, uncertainty, and codts, for the purpose
of evauating direct measures relive to indirect methods that use existing data and
modes. From the analysis, methods that were unsuccessful and other methods (i.e.,
questionnaires, smplified or indirect sampling schemes) that could serve as screening tools
in large-scae exposure studies to classify more highly exposed individuals and reduce
cogs will be identified.

Aswith each project in this andlyss ares, this project is desrable in the near term to provide

important information for a specific component of the exposure sudy design process. Thisproject is

broadly applicable to dl exposure field studies to meet the goa of better information at reduced cost.

For this reason, it is very much in demand for exposure studies that are entering the planning phasein

the near future, including a potentid nationa-scale NHEXAS and alongitudina birth cohort study.

This project is ranked moderately feasble because the NHEXAS studies provide only limited

instances where comparisons are possible between direct measures and indirect methods.

DES06 Optimizing NHEXAS Pilot Information and Methods To Move to a National-Scale
Exposure Field Sudy — The god of this project is to provide a defensible scientific basis
to design and implement nationd-scale exposure fidd studies. The information obtained in
the pilot studies and other source and effects information will be utilized to prioritize the
seection of pollutants and pathways leading to exposure. Included would be an evaluation
of the ahility of each consortium to achieve the objectives or hypotheses origindly
proposed for each type of investigation. A thorough evauation of Sngle- and multimedia
pollutant issues and regulatory initiatives for the purpose of designing alarge-scde
exposure study will be performed.
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This project will capture and integrate the knowledge gleaned from the analys's, interpretation, and
evauation of the experiencesin undertaking the NHEXAS pilot studies for assgting in designing and
planning the next generation of large-scale exposure field sudies. The products of this project will
provide input for developing hypotheses based on priority pollutants and pathways. This project
specificaly addresses large-scd e Sudies, athough the concepts and determinants are equaly
gpplicable to any exposure fidd study. The project is feasible usng data from both the NHEXAS
studies and other sources, but depends heavily on the results of other eements of the Strategic
andyss plan.

DESO07 Cross-Sudy Evaluation and Recommendations for Standar dization of Data
Management Proceduresin Large- Scale Exposure Field Studies— The god of this
project is to analyze the data collection and automated survey management procedures
developed for each NHEXAS pilot study from sampling, through sample andysis and to
inclusion in thefina database. The data QA/QC procedures and QC datawill be
evauated, and the resulting database structures will be examined. The strengths and
weaknesses of the three approaches will be noted with respect to ongoing EPA data
management initiatives. NHEXAS pilot QC datawill be andyzed, and recommendations
for future studies will be developed. These recommendations will include areas that would
benefit from standardization; for example, data transfer from andytica |aboratories,
database e ements, QA/QC codes, information shdlls, etc.

This, and the last project (Project DES-08) in this data andlysis area, address two design components

that have received inadequate consideration during the design processes of previous exposure

gudies. Consequently, insufficient planning and budgeting of resources have resulted in abbreviated

QA programs and databases. This project isfeasble in the near term using the results and

comparisons of the approaches used in the NHEXAS studies. This project, completed in atimely

manner, will provide vauable information to more effectively complete the design and budgeting
processes to create quality databases for planned and future large-scale exposure studies.
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DES08 Evaluation of NHEXAS Results To Derive an Optimal Set of QA/QC Activities for
Human Exposure Field Sudies— The god of this project is to identify and evauate the
QA/QC programs implemented across |aboratories and consortiain the NHEXAS
dudies. Thiswill include an andysis of the across-studies QC program conducted by
NIST and the EPA comparability study data. The project will develop an annotated
inventory of recommended QA/QC activities needed to successfully conduct large-scale
human exposure measurement studies. Thiswill include al phases of the study, from
planning to fina database development.
A near term andlysis of NHEXAS data applicable to this critical component of study design will
provide guidance for use in alarge-scae study design to assure that the study produces data of
gppropriate quaity, while kegping cost to aminimum. The successes and benefits of various sudy
activities can be evaluated. Feasihility isjudged as moderate because the QA/QC programs within
and among the NHEXAS studies were not uniformly applied, nor did they necessarily cover dl
aspects of the studies from data objectives through sample collection, andyss, and reporting. The
resulting recommendations would have some gpplicability to any exposure fiedd studies.
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APPENDIX B

SAB Advisory Review of the NHEXAS Pilot Studies

On September 28 and 29, 1998, the SAB IHEC met in Durham, NC, to complete an advisory
review of NHEXAS. At this meeting, the IHEC aso was briefed by a representative of the CDC on
NHANES and its vaue to improving understanding of human exposure. Given the early stage of the
NHEXAS data analysis, the purpose of the advisory review was to permit the IHEC to provide
advice to EPA on the strengths and wesknesses of the NHEXAS pilot study data.and on the ongoing
and future analyses and uses of the data.

The IHEC sdlected NHEXAS asthe topic for its Strategic activity for Fiscal Year 1998,
following the SAB Executive Committee's decision to spend much more of its energy providing
drategic, forward-looking advice to EPA. NHEXAS was chosen because it was designed to
provide critica information about multipathway, multimedia popul ation exposure distributions for
chemica dasses and will be very ussful in determining the most effective Strategies to reduce the
public's risk to hazardous environmenta chemicals.

Initsreport, An SAB Advisory: The National Human Exposure Assessment Survey
(NHEXAS) Pilot Studies (EPA-SAB-IHEC-ADV-99-004, February 1999), the IHEC found
NHEXAS to be an excdlent project that has significant promise for improving public hedth in a cost-
effective manner. The IHEC concluded that, when the analyses of the pilot study data are complete,
NHEXAS should provide a greatly improved understanding of human exposure to sdected
pollutants. This, in turn, will be hepful in determining the mogt effective Srategies to reduce the
public's risk to hazardous environmental chemicals. The committee dso found NHEXAS to be
outstanding in both design and implementation. Therefore, the IHEC strongly encouraged EPA to
pursue the completion of the study in an expeditious manner.

The committee was particularly concerned about the limited resources dlocated to the andlyss
of the NHEXAS data and the lack of a strategic plan for follow-up studies. The IHEC recognized
that if analyses of the pilot study data are not completed, then the considerable efforts and
expenditures incurred during the last 5 years would be of limited utility to EPA. The IHEC bdieves
that it isimportant that the costs of this program be presented within aframe of future savings resulting
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from improved public hedth because of better targeted, more effective, and less costly regulatory
efforts.

To increase the utility of NHEXAS, the IHEC recommended that EPA: (1) develop a dtrategic
plan for analyzing the data; (2) publicize the NHEXAS framework by informing the public through
various media, such as producing an EPA publication that will be available in print, aswell as on the
Internet; (3) evauate the flexibility of NHEXAS to study specia populations, such as minorities and
sengtive populations; (4) link the exposure data from NHEXAS with biologica markers from
NHANES, where possible; and (5) improve the communication between the NHEXAS researchers
and gate and loca hedth officids.
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APPENDIX C

NHEXAS Projects and Analyses—Completed and In Progress

June 7, 2000 C-1 DRAFT-DO NOT QUOTE OR CITE



Development of NHEXAS Databases

The NERL plans to make the databases from the NHEXAS pilot sudies available to the
scientific community both within and outside of EPA. The NHEXAS pilot study results, metadata,
and documents will be available on the Internet by the fdl of 2001. The actud datawill be stored
and maintained in ORACLE databases on an EPA server. Metadata for the data and documents,
available through EPA’s Environmentd Information Management System (EIMS), will be linked to
the actual data sets and documents. Thiswill alow users browse the data and document files and to
select the sample types, andyte classes, or questionnaires that they want to download to their own
system. The database design and contents are being peer reviewed in early summer, 2000.

There will be three types of data sets for each study: questionnaires, andytica results, and
QA/QC results data. Each set will include household and individud identifiers (without persond
information to identify the specific person), aswell as information for gpplying survey weights. In
addition, data dictionary and code fileswill be included to document the contents of the results data.
Their description follows.

(1 Quedtionnaire Data Sets. The data from each questionnaire will be provided as a separate data
st Questionnaire data eva uate the demographics, housing characteridtics, lifestyle, activity
petterns, and hedth of the participants. Data from al questions in a questionnaire will be
included in the data s&t, except for sengitive data. Examples of sengtive information include:
name, address, date of birth, and phone number. The following questionnaire data will be
available, depending on what was collected in a particular NHEXAS study:

*Badine

*Dexcriptive

*Follow up

*Food Diary or Dietary Checklist
*Food Diary Follow up
*Technician Wak-Through
*Time Diary and Activity

The codes for the questionnaire responses will be defined in code files, which are identified in the data

dictionary corresponding to each file.

@ Andyticd Results Data Sets. This large complex set of data from three studies covers many
types of samples. Andytical data are derived from samples of yard soil, house dust, persond,
indoor, and outdoor air, drinking water, food and beverages, dermal wipes, blood, and urine.
The anaytica result datawill be available to the user in subsets which are defined by the sample
type and the andyte class. Sample typeswill be defined for each study based on the sampling
medium, location, and collection methods used. Each row of these data sets will provide the
results for the anaytes of one sample obtained from a given andyticd or determinative method.
The row will include identifying and sample information (e.g., detes, units), Saidica/survey
information (i.e., sample weight and Strata), and codes to identify the adequecy of the sample
results relative to detection (or quantitation) limits or quality control checks.

June 7, 2000 C-2 DRAFT-DO NOT QUOTE OR CITE



3 QA DaaSets. One data set will be provided for each type of QA/QC sample, that is, one for
spikes (fidld and laboratory), one for replicates (field, laboratory and anaysis), one for blanks
(field, andyticd and reagent), etc. Each row in these data sets will contain the andlytical result
information for dl andytesin the andyte classfor one sample.

(4 DataDictionary Files. Each entry in adatadictionary will include information about a varigble
(column) in the corresponding data set. This includes descriptive labels to define the varidble,
ranges of acceptable vaues, units of measurement, missing values, and codes used for
categorica variaoles.

(5) CodeFiles. A code set will be available for each column in adata set that contains vaues
representing discrete or categorica responses. Thisincludes code values assigned to missing or
non-response data. Each code set will provide the link between a unique set of coded values
and their descriptions, and will be identified in the data dictionary by a unique code set name.

LessonsLearned in the Actual Conduct of the NHEXAS Pilot Studies

Mogt information from the NHEXAS pilot studies will be derived from anayses of the data.
However, the field study professionds have speciaized first-hand knowledge of what worked well
and what didn’t work wdll in actudly performing astudy of this complexity and magnitude.
Therefore, a project was developed to define the Strategies, procedures, and approaches that are
likely to work well for future field sudies. ORD will conduct interviews with the NHEXAS pilot
consortia members, summarize the findings, and then conduct a 1-day workshop to prioritize findings
and develop key recommendations. Information collected will address procedures and practices,
including but not limited to the effectiveness of administering questionnaires, sampling methods,
sample handling and tracking, laboratory procedures, participant training and burden (time and level
of undergtanding), field staff burden, and database development. The planned products from these
activitieswill be ajournd article summarizing the findings and report that provides guidance
recommendations on approaches for human exposure field studies. The products will be availablein
early 2001.
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Manuscriptsin Preparation Under Current ORD Sponsor ship

Region V. NHEXAS Pilot Study

** Anayss of Dietary and Other Exposure Pathways for Metd's, with Comparisons Between
Media Concentrations and Routes of Exposure”’

** Assessment of Data Qudity for the EPA Region V NHEXAS Study”

" Assessment of Data Qudlity for the Minnesota Children’ s Pesticide Exposure Study”

«* Contribution of activity patternsto persond exposures of NHEXAS participants’
*“Relationship of resdentia sources and residentid conditions to household contaminant levels’
+* Relationship between pesticide levels in and around the home and hand rinse measurements
from children”

“ Relationship between activity pattern data and hand rinse measurements of pesticidesin
children”

Bdtimore NHEXAS Pilot Study

*“Longitudina investigation of dietary exposure to selected pesticides’

Arizona NHEXAS Pilot Study

*“ Occurrence And Didtribution of Residential Exposure to Chlorpyrifos and Diazinon”

*“On Prediction of Multi-route and Multimedia Residential Exposure to Chlorpyrifos and
Diazinon”

«“ Exposure to Pesticides by Medium and Route: The 90" Percentile and Related Uncertainties’
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PROJECT PRIORITY LISTINGS

Broad Demand
Project ID Project Title Timing Feasibility Applicability (Urgency)
Descriptive Statistics
D-01 An Analysis of Media Concentrations, Exposure, N H H
and Biomarkers by Demographics
D-02 Univariate Statistics for Usein Exposure and Risk N H M Y
Assessment
D-03 Impact of Censoring and Method Sensitivity and | H H
Precision on Multimedia Exposure Distributions and
Associations
D-04 Quantify Uncertaintiesin NHEXAS Dataand I M M
Assess Contribution to Model Errors
D-05 Investigate National Representativeness of | L M
NHEXAS Sampling Results by Comparing
M easurement and Exposure Results Across the
Three Regions
Predictors of Exposure and Dose
P-01 Analysis and Comparison of NHEXAS Exposure N H H Y
Datato Residential Pollutant Sources,
Concentrations, and Activity Patterns
P-02 Compare Traditional Indirect Method of Estimating N M H
Dietary Exposures with Duplicate Diet Dataand
Compare Methodologies Utilized in NHEXAS
P-03 Identifying Predictors of Exposure | H M
P-04 Risk Factors for Biomarkers of Internal Dose: | M H Y
Demographics, Questionnaire Data, Concentrations,
and Exposures
P-05 Determinants of Dose Measurements (Biomarkers) | M H
from the NHEXAS Studies
P-06 Exploratory Data Analysis Methods for Evaluating | M M
Relationships Among Questionnaires, Exposure,
Dose, and Risk Factors
p-07 Use of NHEXAS Data To Test Assumptions About I L M
Activity Pattern Factors and Other Exposure Factors
in EPA Risk Assessments
Spatial and Temporal Variability
ST-01 Temporal Variahility in Exposure Concentrations N H H

and Aggregate Exposure Using NHEXAS Data
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PROJECT PRIORITY LISTINGS® (cont’d)

Broad Demand
Project ID Project Title Timing Feasibility Applicability (Urgency)
Spatial and Temporal Variability (cont’d)

ST-02 Use NHEXAS Dietary and Activity Pattern DataTo N H M

Develop Predictive Relationships Between Single

Day Observations and Long-Term Patterns of

Behaviors
ST-03 Characterization of the Variance Components of N mb H

NHEXAS Datato Optimize Future Designs
ST-04 Spatia Variability N MP H
ST-05 Investigate Stability of Individualsin Population I H M

Exposure Ranks Over Time
ST-06 Spatial and Tempora Variability in Multichemical | MmP H

Exposure
ST-07 Development and Evaluation of Modelsfor L M H

Interpreting and Quantifying Inter- and
Intraindividual Variability in Pesticide
Exposure/Dose Using NHEXAS Data.

Aqggregate Exposur e, Pathway Analysis, and Cumulative Risk
AE-01 Aqggregate Exposure N H H Y

AE-02 Comparison of Children’sand Adults' Exposuresto N M H Y
Pesticides and Other Chemicalsin the Region V,
Arizona, and Maryland Studies

AE-03 Construction of an Empirical | M M
Multimedia/M ultipathway Exposure Distribution
Model Including Temporal Variability Based on
NHEXAS Data

AE-04 Cumulative Risk from Exposureto NHEXAS L M H
Chemicas

Evaluation/Refinement of Current Exposure Models and Assessments

M-01 Compare Pre-NHEXAS Model Resultswith N H H Y
NHEXAS Measurements
M-02 Develop Model Parameters from Qualitative and N H/M H

Quantitative NHEXAS Monitoring Data,
Questionnaires, Time/Activity, and Survey Data

M-03 Comparison of NHEXAS Findings with CEP N M M
Estimates for Ambient Air Levels and Exposures for
Selected VOCs and Metals
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PROJECT PRIORITY LISTINGS® (cont’d)

Broad Demand
Project ID Project Title Timing Feasibility Applicability (Urgency)

Evaluation/Refinement of Current Exposure Models and Assessments (cont’d)

M-04 Evaluate Implications of NHEXAS Results for | H/M H Y
Existing Chronic Exposure A ssessment
Methodol ogies

M-05 Evaluation of Existing MultimediaModels Using the I M H
NHEXAS Data Set
M-06 Quantify Uncertaintiesin NHEXAS Data and | M M

Assess Contribution to Model Errors

M-07 Reconstruct Exposure and Dose Profiles from I M M
Biomarker Data Utilizing Questionnaire and
Environmental Measurements

Designing Exposur e Studies

DES01 Survey and Statistical Aspects of the Design of an N H H Y
Exposure Field Study: Lessons Learned from the
NHEXAS Pilot Studies

DES-02 Evaluating Modeling Considerations for the Design N M H Y
of Future Exposure Field Studies

DES-03 Scaling Up: Evaluation of the NHEXAS Pilot Fixed N H H
Costs, Coordination and Communication Strategies,
and Degree of Standardization

DESM4 Influence of Incentives, Response Rates, and N H M
Nonresponse Bias on Survey Design

DES05 Cost-Effectiveness of Exposure Measures and N M H Y
Comparisonsto Indirect Methods

DES-06 Optimizing NHEXAS Pilot Information and Methods N M H
to Move to a National-Scale Exposure Field Study

DES-07 Cross-Studies Evaluation and Recommendations for N M M
Standardization of Data Management Proceduresin
Large-Scale Exposure Field Studies

DES-08 Evaluation of NHEXAS Results To Derive an N M M

Optimal Set of QA/QC Activitiesfor Human

Exgosure Field Studies
&N = near term; | = intermediate term; H = high; M = medium; L =low; Y =yes.
bSpatial variability can be determined on national, regional, and community bases when the NHEXAS data
setsare available. However, the exact location of NHEXA'S participants will not beincluded in the
NHEXAS data ets to protect the confidentially of theindividual participants of the study. Thus,
comparisons of personal exposures with point sources cannot be accomplished without the cooperation of
the principal investigators of the various NHEXAS consortia. Therefore, the criterium of feasibility was
ranked medium for these projects, as compared to other projects without such concerns.
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DESCRIPTIVE STATISTICSPROJECT

Project Name:

D-01. An Analysisof Media Concentrations, Exposur e, and Biomarkers by Demographics

Short Project

Descriptive analysis of media concentrations, exposure, and biomarker measurements for

Description: population subgroups (age, gender, ethnicity, SES, urban/rural, or other important groupings)
for each NHEXAS study.
Goal/Objective: To provide adescriptive analysis of media concentrations and biomarker measurements by

population characteristicsin order to identify susceptibility factors and differences among
groups and to compare distributions with other studies.

Significance of
Project:

(1) Will serve asbasisfor planning and interpretation of NHEXAS data and to identify

subpopulations for further study.
(2) Provides baseline information for comparison to other locations such as Superfund sites

and to assess trends.
(3) Useful to EPA and others doing analysis of NHEXAS data and for planning further

studies

Suggested Statistical comparison of weighted distributions (frequency, means, etc.) by population
Approach: subgroups (from questionnaire data) for media concentrations, biomarkers, and exposure to
assess differences and similarities between or among subgroups.
Dataor Input Questionnaires and time/activity datafrom each of the studies.
Needs: Biomarker and environmental measurements data from each study.
Detection limits for environmental chemicals from each study.
Population weights and stratification variables.
Feasibility Data currently exists, questionnaires are the same across groups, comparability of analytic
(of analyseswith results will be assessed using information about detection levels. Thereis concern over the
current NHEXAS [level of stratification (limited cell sizes) that can be achieved because of measurements below
databases): detection and incompl ete sampling of some media (e.g., subsampling of homes for outdoor air

measurements).

Resear ch Outputs

(1) Identify those chemicalsfor which there is adequate data for analysis; determine stratato be used in analysis

(2) Final output: Manuscript, tables, and graphs of distributions by strata and completed statistical analysis and

interpretation

NOTE: Crosswalk to NHEXAS Data Analysis Workshop (EPA 600/R-99/077, 1999) Project EA-2.

June 7, 2000
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DESCRIPTIVE STATISTICSPROJECT

Project Name: D-02. Univariate Statisticsfor Usein Exposure and Risk Assessment

Short Project Develop univariate descriptive statistics (distributional information) for NHEXAS data
Description: that can be used broadly in exposure and risk assessment.

Goal/Objective: To provide risk assessors and other users with information for use in exposure and risk

assessment and in the design of human health effects studies and to compare NHEXAS
resultsto other existing relevant study results.

Significance of Exposure and risk assessors use estimates of various exposure concentrations and
Project: “exposure factors’ in their calculations of exposure and risk. These are quite often point
estimates or distributions from very limited data sets. The data collected by NHEXAS
can be used to better define distributions of these concentrations and exposure factors
(e.g., activities, time spent in specific locations, dietary intake, product use). Thiswill
reduce the uncertainty associated with these assessments. Major users of this
information will be risk assessorsin EPA, other federal agencies, industry, academia, and
state and local governments, as well as epidemiol ogists and other health effects
researchers who need to classify members of acohort based on exposure.

Suggested Work with EPA/NCEA to identify factors and point estimates that commonly are used in
Approach: risk assessment and for which data were collected in one or more of the NHEXAS pilots.
Develop summary statistics (including distributional information) for these data. These
analyses should include distributions for the total population and for selected subgroups
wherethe datawill allow. These should be suitable for inclusion in EPA guidance, such
as the Exposure Factors Handbook. These analyses should identify the appropriate
caveats, limitations, and uncertainties associated with the data and resulting statistics.
The results should also compare the statistics with similar information from other studies
(e.g., NHANES, TEAM).

Dataor Input The activity and concentration data collected by all NHEXAS pilot studies.
Needs: Summary descriptive statistics.

M eta-data to understand caveats.

Other data sets (e.g., NHANES, TEAM, Exposure Factors Handbook).

Feasibility Thisishighly feasible with NHEXAS data. Each consortium will be developing summary
(of analyseswith statisticsfor itsdata. It should be feasible to identify factorsfor inclusion in EPA
current NHEXAS | guidance.

databases):

Resear ch Outputs

(1) Provide statisticsto EPA, including descriptions of the data and its limitations for use in risk assessment

(2) Fina Output: Revision of EPA Exposure Factors Handbook
L __________________________________________________________________________________________________________________________|

NOTE: Crosswalk to NHEXAS Data Analysis Workshop (EPA 600/R-99/077, 1999) Project A-2.
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DESCRIPTIVE STATISTICSPROJECT

Project Name:

D-03. Impact of Censoring and Method Sensitivity and Precision on Multimedia Exposure
Distributionsand Associations

Short Project
Description:

This study will examine how method sensitivity and precision, and the censoring of data
below detection limits, affect the estimation of distributions and means for exposure, media
concentration, and biomarker measurements; and the eval uation of associations among such
measurements. To the extent possible, intakeswill be used in order to make the assessment
on atotal exposure basis.

Goal/Objective:

To investigate the degree to which the NHEXAS goal of measuring total exposure may be
limited by the method precision, sensitivity, and censoring of databelow DLs.

Significance of
Project:

A major goal of NHEXA S was to estimate exposure through multiple routes, especially for
those most highly exposed. This goal may be limited by the proportion of measurements
that are below DL s for some target analytes and media and because method sensitivities
differed across both mediaand studies. This project will be valuable in determining methods
and approaches for conducting future NHEXAS or other multimedia human exposure
studies.

Suggested
Approach:

(1) Determine the percent of measurements above DLs, and the availability of health
thresholds and QC datain order to focus the study on the most relevant media and
chemicals.

(2) Useuncensored results where available and impose censoring on them (i.e., set values
<DL to missing or to some predefined value); compare distributions for the uncensored
and censored cases.

(3) Use QC (duplicates) data to estimate measurement error variability; generate simulated
datathat one would expect using another method with more or less precision;
summarize/compare the distributions.

(4) Totheextent possible, evaluate the impacts of steps 2 and 3 both in terms of intakes and
of total exposure.

(5) Investigate ways of assigning values to measurements that are below DLs.

Dataor Input
Needs:

Physical measurements from all three studies. (Summaries of distributions and DLs may be
used to conduct simulations for intake estimates and for eval uating uncertainties associated
with measurements <DLs.)

QC data.

Feasibility

(of analyseswith
current NHEXAS
databases):

Will be practical and relevant only for some types of measurements (i.e., those with more
complete collection of exposures or environmental mediafor multiple pathways). The
selection of measurement and analysis methods for NHEXAS were based on quantifying
exposures at the “high-end” of the distribution, which may limit the availability of
measurements above detection limitsfor all media.

Resear ch Outputs

(1) Evaluate scope/relevance of project with respect health thresholds, availability of data, degree of nondetects,

€etc.

(2) Perform analyses and simulations and prepare draft manuscript

(3) Final output: Complete final manuscript
___________________________________________________________________________________________________________________________________|

NOTE: Crosswalk to NHEXAS Data Anaysis Workshop (EPA 600/R-99/077, 1999) Project EA-7.
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DESCRIPTIVE STATISTICSPROJECT

Project Name: D-04. Quantify Uncertaintiesin NHEXAS Data and Assess Contribution to M odel
Errors

Short Project Provide uncertainty estimates within the NHEXAS database that are available to

Description: researchers and the public, so that uncertainty is addressed consistently and does not
lead to redundant effort by modelers. Identify how the data uncertainties may impact
modeling uncertainties and illustrate with case studies.

Goal/Objective: « Provide consistent, understandable uncertainty estimates of the NHEXAS datawithin

the NHEXAS database

« Provide guidance/advice on applicability and use of various types of datain modelsto

minimize inappropriate model construction.

Significance of
Project:

The NHEXAS database will be used by many researchers and the public. Inclusion of
uncertainty estimates/descriptions will avoid duplication of effort in calculating these
values, will mean that the data uncertainties are treated consistently, and will alert the
public and regulatory community of possible limitationsin the use of the data.

Suggested
Approach:

Analytical Measurements

(1) Ensurethat NHEXAS dataare QA’d and flagged appropriately.
(2) Ensurethat NHEXAS datainclude Limit of Detection information.

(3) Calculate standard errorsfor each analytical methodology (including sampling and

analysis).

(4) Taguncertainty datato all NHEXAS data entries and provide a methodology for error

estimation with the public database.
Survey and Time/Activity Information

(1) Provide qualitative assessments of data and their applicability for modeling by
including meta data from field staff on reliability of individual household;
include expert panel judgment of uncertainties of the methodology in general,
including effects of sample size, inaccuracies of recall diaries, observer effects, time

resolution effects, etc.; and

compare survey results from NHEXAS with other data sources.

(2) Include qualitative assessmentsin database.
Assessment of Model Uncertainties

Convene workshop of modelersto evaluate impacts of uncertainties for variety of
analytes, with differing critical routes of exposure. Provide qualitative descriptions of
uncertainties and caveats for inclusion in the database. Provide case studiestoillustrate

how errorsimpact modeling uncertainties.

Data or Input
Needs:

Paced by the availability of the database, the NHEXAS data need to be quality assured to
flag/remove inappropriate data. Duplicate sample data, split sample data, blanks, and
other QA/QC information on the analytical measurements need to be included in the
database. A description of the sampling and analytical methods also must be included.

Feasibility

(of analyseswith
current NHEXAS
databases):

Thefirst part of the effort is quite doable, and should build on normal QA/QC procedures.
Thiswork isto insure that the synopsized uncertainty data also are made readily available
for researchers and the public. The impact on modeling errorsis much more likely to be
case dependent, varying with each analyte and model used.

June 7, 2000
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DESCRIPTIVE STATISTICSPROJECT D-04
(cont’d)

_________________________________________________________________________________________________________________________________|
Resear ch Outputs

(1) Review NHEXAS databases now under development for datato be included and make sure that QA/QC
data and metadata on QC arein database for both analytical and survey data

(20 NHEXAS database becomes available
(8) Calculate synopsisinformation from data sets now scheduled to be delivered in FY 01

(4) Conveneworkshop or expert panel to provide qualitative description of uncertainties associated with
survey information

(5) Conveneworkshop or expert panel to evaluate impact of uncertainties of modeling—prepare case studies for
specific analytes/major routes of exposure

(6) Final output: Incorporate uncertainty estimates and case studies into public database
. _____________________________________________________________________________________________________________________________|

NOTE: Crosswalk to NHEXAS Data Analysis Workshop (EPA 600/R-99/077, 1999) Project M-4.
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DESCRIPTIVE STATISTICSPROJECT

Project Name: D-05. Investigate National Representativeness of NHEXAS Sampling Results by
Comparing Measurement and Exposur e Results Acrossthe Three Regions

Short Project Very few national studies are available for use in development of national exposure
Description: distributions; therefore, local or regional studies are used instead. The questionthenis
raised about the effect of using this restricted information on national exposure estimates.
Thethree NHEXAS studies provide a method for comparing very similar studiesto
determine the magnitude of regional differencesfor various exposure factors.

Goal/Objective: To determine biasin estimates of national exposure factors and distributions by use of
local or regional sampling represented by NHEXAS pilot studies.

Significance of Theinformation provided by this project also will advance knowledge of uncertainty in
Project: model parameters used in avariety of exposure models. Theinformation also will help to
ascertain the geographic scale at which variables may be collected in future studies.

Suggested Examination of sample population distributions for various measurements collected in all
Approach: three studies. Examination should be based on current methodol ogies as much as

possible to facilitate quick turnaround. Appropriate analysis methods used to determine
“similarity” among studies and quantification of uncertainty should be based on methods
that provide simple, robust measures as feasible.

Dataor Input NHEXAS datafrom all three studies.
Needs:
Feasibility Study should be feasible. Possible difficulties may arise for some variables where

(of analyseswith collection methods differ among studies.
current NHEXAS
databases):

Resear ch Outputs

(1) Develop/assess framework for comparing study measurements

(2) Implement automation of comparisons

(3) Run analysesfor selected variables

(4) Final output: Report on regional differences among studies, suggested values for use in national exposure

models, and values of uncertainty.
L __________________________________________________________________________________________________________________________|

NOTE: Crosswalk to NHEXAS Data Analysis Workshop (EPA 600/R-99/077, 1999) Project M-12.
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PREDICTORS OF EXPOSURE AND DOSE PROJECT

. ____________________________________________________________________________|
Project Name: P-01. Analysisand Comparison of NHEXAS Exposure Data to Residential Pollutant
Sour ces, Concentrations, and Activity Patterns

Short Project Analysis of questionnaire, time/activity, environmental, and exposure data collected in
Description: the NHEXA'S studies to determine the associations among measured exposures and
pollutant sources, housing characteristics, residential concentrations (e.g.,
indoor/outdoor air), and human activities (e.g., the relationship between the use of
cleaning supplies and VOC exposures; the characterization of residential dust and soil
measurements; and the rel ationship to personal exposure monitoring).

Goal/Objective: To evaluate and identify hypotheses about those residential pollutant sources, housing
characteristics, residential concentrations (indoor and outdoor), and activity patterns that
contribute to human exposures, especially for high-end exposures. To determine the
value of questionnaires for understanding various aspects of exposure, and the reliability
and validity of theinstruments used for ascertaining these factors.

Significance of To provide policymakers with information to devel op guidance for reducing exposures
Project: by both modifying pollutant sources and housing characteristics and educating the
public about how their activities contribute to exposure. Information on the relationship
between indoor/outdoor concentrations and personal exposures will be used to test
assumptions about exposure levels based on fixed monitors. In addition, the relative
value of questionnaires and diaries for understanding public health and exposure, as well
as the item-by-item value of asking each question, will be determined with the overall
goal of minimizing participant burden and costs. Identification of associations with
questionnaire information also is useful for classification of exposuresin epidemiological

studies.
Suggested (1) For each of the NHEXAS pilots, perform pollutant-by-pollutant analyses of the
Approach: associations among residential pollutant sources, concentrations, and exposures,

housing characteristics, concentrations, and exposures; concentration
measurementsin different media; and human activities, concentrations, and
exposures. For air concentrations, develop distributions of indoor/outdoor
concentration ratios. Subdivide analyses via spatial/source considerations (e.g.,
urban/rural, smoker/nonsmoker) that are key drivers of pairwise relationships.

(2) Compare selected questionnaire items (e.g., sources, activities) with exposure and
environmental measurementsto determine their relative value.

(8) Compare the results among the three studies.

(4) Conduct multivariate analysis to determine the combined impact of residential
pollutant sources, housing characteristics, and activity patterns on exposures.

Data or Input For all three studies, measured concentrationsin all media, activity information (diaries
Needs: and questionnaires), housing characteristics, and occupational data. Information also
needed on sample dates, geographic locations, and sampling protocols.

Feasibility Need to review availability of samplesfor some media, proportion of analyses above
(of analyseswith detection limits, and substitution of measurements obtained from nearby households
current NHEXAS | during the same periods of time (e.g., for outdoor air and soil measurementsin Region V
databases): study).

June 7, 2000 E-8 DRAFT-DO NOT QUOTE OR CITE



PREDICTORS OF EXPOSURE AND DOSE PROJECT P-01
(cont’d)

_________________________________________________________________________________________________________________________________|
Resear ch Outputs

(1) Complete multivariate analysis of individual NHEXAS pilots
(2) Complete questionnaire/measurement analyses
(3) Compare analysis among studies to help combined study analysis

(4) Final output: Complete combined study multivariate analysis and final report
_________________________________________________________________________________________________________________________________|

NOTE: Crosswak to NHEXAS Data Analysis Workshop (EPA 600/R-99/077, 1999) Projects EA-1, A-9, and
LL-11.
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PREDICTORS OF EXPOSURE AND DOSE PROJECT

. _______________________________________________________________________|
Project Name: P-02. Compare Traditional Indirect Method of Estimating Dietary Exposureswith
Duplicate Diet Data and Compare Methodologies Utilized in NHEXAS

Short Project Comparison of direct exposure datafrom NHEXAS duplicate diet measurements with
Description: indirect exposure estimates derived from recorded food consumption combined with
concentrations of NHEXAS chemicals measured in other studies, such asthe Total Diet
Study (TDS). Also compare food intake rates from NHEXAS questionnaire surveys with
those from USDA and NHANES food intake surveys of comparable years, geographical
regions, and population subgroups. Describe, compare, and evaluate the validity,
reproducibility, and cost effectiveness of the duplicate diet collection methods.

Goal/Objective: To compare dietary exposure estimates from a dietary exposure model (i.e., sum of the
concentration x quantity consumed for all foods eaten) with direct measurements of
dietary exposure (i.e., from duplicate diet samples); to evaluate the reliability and validity
of dietary intakes determined in NHEXAS; and to evaluate alternative and less costly
methods for measuring dietary exposure.

Significance of Although the indirect dietary model approach to dietary exposure assessment iswidely
Proj ect: used (e.g., for pesticide regulations), validation of such estimates with real monitoring
data have not been done. NHEXAS data provide an opportunity for such validation to
enhance the scientific basis for decision making. Comparison of dietary measurement
and estimation approaches also may help to identify less costly alternatives for dietary
exposure monitoring and to provide estimates of long-term exposures from short-term
measurements (or estimates). This project also addresses several issues related to
analyses of exposures including testing of hypotheses (adequacy of extant dataand
model s to predict exposure), evaluation of survey instruments, and prediction of dietary
exposure as a component of total exposure.

Suggested (1) Codefood intake datafrom NHEXAS food diary or food checklist into formats that

Approach: are consistent with USDA food codes.

(2) Compare NHEXASfood intake rates with those from USDA and NHANES for
comparable time frames, regions, and population subgroups, including eval uation
of weighting for nonresponse (where data allow such evaluation).

(3) Calculatedietary exposures using individual consumption data (from diary or
checklist) and extant food contaminant data (from FDA TDS, USDA Pesticide Data
Program data, NHEXAS Maryland minimarket basket survey, and other existing
residue data).

(4) Estimate exposure using NHEXAS duplicate diet measurements and compare these
results with results obtained from indirect method across popul ation subgroups.

(5) Comparative analysis of dietary datafrom checklist, duplicate diet collection, and
mini-market basket approach in terms of validity, reliability, and cost effectiveness.

(6) Analysesof calculated dietary exposuresin relation to various demographic

variables.
Data or Input NHEXAS food diary and checklist data and duplicate diet data from each study, coding
Needs: of food consumption to USDA or EPA/Dietary Exposure Potential Model (DEPM)

codes, duplicate diet measurements from each consortia, and existing food contaminant
data for those target chemicals measured in diet samples (USDA and FDA data, from
DEPM).
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PREDICTORS OF EXPOSURE AND DOSE PROJECT P-02

(cont’d)
. _________________________________________________________________________________________________|
Feasibility The duplicate diet studies and diet questionnaires were administered to a sufficiently
(of analyseswith large number of individualsin the Region V and Arizona studies to support these
current NHEXAS analysis. Inaddition, the Maryland data obtained food intake longitudinally to allow an
databases): in-depth comparison of short- and long-term average intake.

May be limited to quality/resolution of dietary consumption and duplicate diet
measurement data. Not all food diaries have been coded, and it may not be possible to
codeto all the USDA codes. Thefood checklist islimited to 100 to 200 food items. The
discrepancy between number of items could make cross-coding difficult.

Resear ch Outputs

(1) Determine the compatibility of the data sets

(2) Harmonize food codes among NHEXAS, USDA, and NHANES

(3) Compare food intake rates among the various surveys

(4) Estimate exposure based on food consumption and concentration data

(5) Compare exposure from NHEXAS duplicate diet studies with those obtained from indirect method

(6) Final output: Report consistency or inconsistency between the two approaches and identify approaches

(if any) to improve theindirect method of estimating dietary exposure
_________________________________________________________________________________________________________________________________|

NOTE: Crosswak to NHEXAS Data Analysis Workshop (EPA 600/R-99/077, 1999) Projects EA-04, A-10, and
A-11.
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PREDICTORS OF EXPOSURE AND DOSE PROJECT

Project Name: P-03. Identifying Predictorsof Exposure

Short Project Toidentify primary predictors of exposure, using questionnaires and biological or

Description: environmental measures for use in epidemiology studies and other studies where
individuals' exposure levels are sorted into categories such as high, medium, and low.

Goal/Objective: | Classification of individuals (and populations) into exposure categoriesfor usein

epidemiologic studies and risk assessment. Two products: (1)identify primary predictors of
exposure for epidemiol ogic exposure assessment and (2) identify potentially highly exposed
populations for future health effect studies or risk management.

Significance of
Proj ect:

could use thisinformation.

Epidemiologists, risk assessors, and risk managers need the ability to classify peopleinto
exposure categories. EPA, ATSDR, CDC, NIEHS, and the National Institutes of Health all

Suggested
Approach:

Using the available NHEXAS data, including questionnaire, biological marker, and
environmental data, prioritize chemicals based on the population prevalence or toxicological
importance. For the chemicals (or chemical class), construct regression models to identify
the predictors of exposure. These analyses should identify which questions predict
measured exposure, both biological and environmental. Factor analysis or principal
components analysis should be used to identify the most important questions that predict
chemical exposure. NHEXAS data should be analyzed to determine how well the
environmental data predict exposure and how well questionnaire and environmental
measures predict exposure. Predictive models should be developed that can be used in
subsequent studies. Key issueswould be accurate separation of the population into low,
medium, and high categories and devel opment of modelsto identify highly exposed
individuals. Ultimately, efforts should be made to attempt, on an overall basis, to identify
which questionsidentify individuals who are highly exposed to many chemicals and those
that are specific for one chemical or one chemical class. Risk managers and study designers
will be able to use the results of this analysisto identify sample collection strategies by
incorporating predictive ability of the data from each source (questionnaire, biological, and
environmental) and the cost to collect and analyze data collected via these methods.

Data or Input
Needs:

NHEXAS datafrom all study sites (or each individually): questionnaires, biological
samples, and environmental and personal exposure samples. No additional data needed
unless external validation of questionnaire responsesis done.

Feasibility
(of analyses
with current
NHEXAS
databases):

All dataare currently available. Much of the questionnaire datais nominal or ordinal and
may not be well suited for the usual regression approaches.

Resear ch Outputs

(1) Preliminary analyses by chemical/chemical category

(2) Final output: Identification of potentially highly exposed individuals and the tools to identify them
_________________________________________________________________________________________________________________________________|

NOTE: Crosswalk to NHEXAS Data Analysis Workshop (EPA 600/R-99/077, 1999) Project A-5.
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PREDICTORS OF EXPOSURE AND DOSE PROJECT

. _______________________________________________________________________________________________|]
Project Name; P-04. Risk Factorsfor Biomarkersof Internal Dose: Demographics, Questionnaire Data,
Concentrations, and Exposures

Short Project Analyses to determine the association of biomarkers of internal dose with (1) demographics,
Description: (2) questionnaire information on behaviors, activity patterns, health indices, etc.; and
(3) measures of personal exposures and media concentrations.

Goal/Objective: | To develop simple methods of estimating internal dose that can be used in studies of health
outcomes.

Significanceof | Analytic or epidemiologic studies of health endpoints need effective methods for estimating
Project: internal dose, but direct measurement is often impractical. For example, studies of chronic
health effects may require estimates of long-term average or historical exposures. NHEXAS
provides arich source of information that allows inferences about internal dose based on data
collected from questionnaires, measures of chemicalsin external media, and other sources.

Suggested For appropriate chemicals and classes of chemicals:

Approach: (1) Bivariate analyses of the association of biomarkers of internal dose and risk factors,
including demographics, housing characteristics, questionnaire data, and measures of
exposure.

(2) Examine correlations among risk factors.
(3) Multivariate modeling of the association of biomarkers with risk factors.

Dataor Input Biomarker concentrations, demographics, questionnaire data, and environmental media
Needs: concentrations and exposure measurements.

Feasibility These analyses will be feasible only for chemicals where biomarkers of internal dose exist at
(of analyseswith | detectable levelsfor asufficiently large sample. For agiven risk factor, there also must be
current sufficient variability. Also requires knowledge of biomarker characteristics (e.g., half-life) to
NHEXAS relate measurements to time of exposures.

databases):

Resear ch Outputs

(1) Conduct bivariate analyses
(2) Examineinterrelationships of covariates

(3) Final output: Resultsof multivariate modeling

NOTE: Crosswalk to NHEXAS Data Anaysis Workshop (EPA 600/R-99/077, 1999) Project EA-3.
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PREDICTORS OF EXPOSURE AND DOSE PROJECT

Project Name; P-05. Determinants of Dose M easur ements (Biomarkers) from the NHEXAS Studies
Short Project Absorbed dose may be estimated by questionnaire and measurement dataincluding air,
Description: water, diet, and contaminated surfaces. Predictive associations between measurements of

exposure and dose will be evaluated. Questionnaire response datawill be considered as a
modifier of the exposure/dose association. This association will be evaluated further by
taking into account existing pharmacokinetic models and parameters. Methods and
approaches for assessing the dermal exposure contribution relative to the biomarker
measurements are of particular importance because dermal exposure methods are not well
developed. Measured biomarkers will be related to potential exposure using algorithms
used to estimate aggregate human exposure.

Goal/Objective: To identify and eval uate environmental and questionnaire determinants of dose and to
better understand the time course associations between exposure and dose. The dermal
contribution to exposure will be analyzed.

Rationale for Study results will aid in the interpretation of exposure biomarker measurements and will
Project: help in the efficient design of future exposure and epidemiologic studies. Further
understanding in the interpretation of biomarker levelsis valuable because they are
believed to provide a better predictor of health outcome than environmental concentration
measurements that do not account for contact, uptake/intake, and absorption processes.

Suggested Biomarker measurements represent the absorption and clearance of chemical

Approach: contaminants measured in the NHEXAS program. The predictive relationship among
these measurements will be evaluated with questionnaire responses, and with exposure
and environmental media concentrations using multivariate analysis methods.
Pharmacokinetic modelswill be applied in order to explain the relationship between
exposure and dose (biomarker) measurements. Contributions of contaminated media can
be estimated using exposure algorithms routinely used in exposure assessment.

Dataor Input Chemical measurementsin biological, exposure, and environmental media, questionnaire
Needs: data, exposure factors, and pharmacokinetic parameters.

Feasibility Sufficient detectable results are needed in media of exposure relevance for biomarker

(of analyseswith analytes. Need to consider timing of biomarker collection relative to exposure and
current NHEXAS | environmental measurements (e.g., Maryland study samples collected at beginning of
databases): sampling), and the availability and suitability of available pharmacokinetic parametersfor

the subpopulations (e.g., children).

Resear ch Outputs

(1) Multivariate statistical analyses; evaluation of short-term clearance models

(2) Final output: Journal article identifying predictors of dose
.../

NOTE: Crosswak to NHEXAS Data Analysis Workshop (EPA 600/R-99/077, 1999) Project EA-10.
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PREDICTORS OF EXPOSURE AND DOSE PROJECT

Project Name: P-06. Exploratory Data Analysis M ethodsfor Evaluating Relationships Among
Questionnaires, Exposure, Dose, and Risk Factors

Short Project The NHEXAS databases include a wide spectrum of measurements. questionnaire
Description: responses, exposure measurements, and dose/biomarker measurements. Several analysis
methods are now available for analyzing complex data setsto identify patterns,
relationships, sociodemographic variables, important factors, and combinations of factors
that influence or affect exposure distributions. These datawill be analyzed without a priori
decisions about relationships among the variables to generate new hypotheses regarding
environmental exposures.

Goal/Objective: Identifying and evaluating (1) associations among the NHEXAS variables, and

(2) appropriate analysis tools for investigating large and complex data sets. Specifically,
there isaneed to identify the factors that contribute to high exposures, to establish
relationships among these factors and exposure magnitudes/distributions, and to
understand subpopulation differences.

Significance of Classification of NHEXAS datainto variable groups will help focus future exposure
Project: assessments in national surveys, epidemiological studies, and risk assessments. (It also
provides a comparison between the questions and the rationale for their use.) Itis
important to understand the data prior to using it for model evaluation or identification of
significant exposure pathways/processes. Methods or approaches for investigating
complex data sets should be compared to determine the most appropriate approach to
identify important contributing factorsin the NHEXAS data.

Suggested (1) Thestrengths and limitations of the data will be evaluated initially using univariate

Approach: analyses of individual variables.

(2) Multivariate classification techniques will be selected and run (e.g., principal
components, CART, neural networks, or factor analysis) to identify groupings of
variables. Where possible, analyses are to be conducted by pertinent subpopulations
because the variables may group differently by subpopulation.

(3) Variable groupingswill be evaluated in order to generate hypotheses, to guidein the
design of other studies, and to identify important questions and/or measurements for
future exposure assessments and risk assessments.

(4) ldentify strengths and limitations for each method in relation to the NHEXAS data.
Recommend appropriate methods for analyzing NHEXAS data with special attention
paid to the upper tails of the distributions.

Dataor Input The fully compiled database of complete measurement dataincluding all chemical

Needs: measurements, questionnaires, dietary and activity diaries, and demographic variables.
Feasibility Feasibility of the project will be limited by the number of observations within strata. The
(of analyseswith large number of qualitative and quantitative datatypesincluded in the NHEXAS data sets
current NHEXAS (ordinal, continuous and binary) require special consideration when identifying appropriate
databases): methods or approaches used to analysis data. Attention should be given to the upper tails

of the exposure distributions.

Resear ch Outputs

(1) Univariate analyses

(2) Final outputs:
«Journal article on comparative analyses
«Journal article on ability of exposure measurement to predict exposure factors
. ____________________________________________________________________________________________________________________________________|]

NOTE: Crosswak to NHEXAS Data Analysis Workshop (EPA 600/R-99/077, 1999) Project M-11.
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PREDICTORS OF EXPOSURE AND DOSE PROJECT

. __________________________________________________________________________|]
Project Name: P-07. Useof NHEXAS Data To Test Assumptions about Activity Pattern Factorsand
Other Exposure Factorsin EPA Risk Assessments

Short Project This project encompasses a series of individual projects that will examine the use of
Description: activity pattern factors and other exposure factorsin EPA risk assessments asthey are
doneinthe Air, Water, Hazardous Waste, Pesticides, and Toxics Programs. Examples of
tasks under this project areawere raised at the workshop and include the following:

(1) examine NHEXA S time/activity diaries and follow-up questionnaire data to determine
the repetitiveness (frequency) of behavior over a 6- or 7-day period and compare to
existing time/activity databases used to evaluate factorsin EPA assessments, (2) examine
the relationship among climate, season, level of exertion, and drinking water intake,

(3) prepare exposure scenarios, evaluate scenarios with NHEXAS data, and compare
those results to results obtained using current exposure assessment methods, scenarios,
and assumptions as they are used in EPA programs, and (4) use NHEXAS datato design
scripted sampling protocols for subsequent model testing or trend monitoring.

Goal/Objective: Current regulatory exposure modelsin the Air, Water, Hazardous Waste, Pesticides and
Toxics Programs often use default values that are based on limited and perhaps
unrepresentative data. Often, assumptions are used to fill datagaps. NHEXAS datawill
be used to test assumptions and scenarios used in current assessment procedures, to
improve the current EPA methodologies, and to identify factors where further study is

needed.
Significance of The results of this project areawill be useful to any program office that does assessments
Proj ect: that rely on factors on which datawere collected in the NHEXAS study. Theseinclude all
EPA programs—Air, Water, Hazardous Waste, Pesticides, and Toxics.
Suggested These are examples provided by members of the Assessment Breakout Group: compare 6-
Approach: day sequences of individual time/activity patternsto 6-day sequences of daily patterns

stochastically chosen from multiple individual s to determine impacts and frequency of
repeated activities. Assess relationships of individual time/activity patternsto food and
water ingestion across subject classes (e.g., age, gender, race) and local climate
conditions. Compileindividual time/activity and exposure data for subjects with complete
data sets asinput for exposure model testing and validation. Compile behavioral
scenarios characteristic of more highly exposed subjects for use in devel oping scripted
sampling protocols in subsequent exposure model testing and analysis.

Data or Input Individual time/activity data and exposure measurements from NHEXAS and other
Needs: appropriate comparative databases (e.g., time/activity, local meteorological data.)
Feasibility Feasible. NHEXAS data set contains data on activity patterns, exposure factors, varying
(of analyseswith climates, and the like that can be used to test and refine current EPA assessment

current NHEXAS methods.

databases):

Resear ch Outputs

(1) Conduct analysis

(2) Final output: Journal article comparing frequency and duration of various activities over 1- and 7-day

periodsin NHEXAS with data collected in other activity pattern surveys
I ———.

NOTE: Crosswak to NHEXAS Data Analysis Workshop (EPA 600/R-99/077, 1999) Project A-6b.
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SPATIAL AND TEMPORAL VARIABILITY PROJECT

Project Name: ST-01. Temporal Variability in Exposure Concentrations and Aggr egate Exposure
Usng NHEXASData

Short Project Analysis of NHEXAS databases to determine the temporal components of variability in

Description: various measures of exposure. The analysiswill include both single-medium, single-

pollutant class analyses, aswell astotal or aggregate exposure estimates over all media.

Goal/Objective: To determine optimum strategies and designs for future NHEXAS national
investigations. Questionsto be addressed include when isit possibleto estimate
exposure from asingle set of cross-sectional measurements, and what is the optimum
number of such measurements that must be made for each pollutant medium class and for
total exposure? Of interest is an understanding of the temporal span of the toxicological
effect (i.e., what is the exposure duration of interest and does variability occur over such

time spans?).
Significance of A future national investigation of exposures must be designed to assess exposures to
Project: members of the population that are accurate and reflect patterns and variability present in

true exposures. Improved understanding of temporal variability across days, weeks, and
seasonsis necessary to ensure good estimates. This project hasimportant implications
for risk assessment because it will help account for uncertainty because of statistical
“compression” of chronic exposure distributions compared to single-measure exposure
distributions because of intraindividual correlations of exposure over time. It also has
implications for epidemiology becauseit will help reduce uncertainty because of
misclassification resulting from bias introduced by failing to account for temporal
variability in exposure indicators.

Suggested (1) Descriptive analysis of exposure concentration distributions by time period.

Approach: (2) Usestatistical techniques to assess population variability and test whether the
population means vary over the duration of the studies.

(8) Assessintraindividual temporal variability.

(4) Evaluate aggregate exposure by summing potential or absorbed doses, as
appropriate (with appropriate weighting for time, etc.), over individual pathways.

(5) Evaluatetemporal variability in total exposure.

(6) Assessment of intraindividual variability versustemporal variability in total
exposure.

(7) Assessstatistical strategies for determining optimum sample number for temporal
variability.

(8) Implement chosen strategy to determine optimum number of exposure measuresto
determine exposures of fixed length.

Dataor Input Repeated measurement exposure datafor all studies, particularly the NHEXAS-Maryland
Needs: investigation, identified with specific individual identifiers and temporal spacing. Certain
questionnaire data to identify changesin exposure patterns attributable to other-than-
usual exposure variability (e.g., achangein job status or introduction of a new source
into the home).

Feasibility Dataexistinthe NHEXAS-Maryland study and, to alimited degree, in the other studies,

(of analyseswith that would allow thisto be completed. Repeated measurement data are available for most
current NHEXAS | mediain the Region V study. Sample sizes of 2 to 6 repeated measurements are available.
databases):
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SPATIAL AND TEMPORAL VARIABILITY PROJECT ST-01
(cont'd)

_________________________________________________________________________________________________________________________________|
Resear ch Outputs

(1) Perform univariate temporal analyses of selected pollutant-class/-medium combinations
(2) Construct aggregate exposure estimates

(3) Evaluate temporal variability in exposure estimates for target chemicals

(4) Construct optimum sampling strategy for target chemicals

(5 Final outputs: Manuscripts on univariate temporal variability and manuscripts on aggregate exposure
variability and optimum sampling strategy

NOTE: Crosswalk to NHEXAS Data Analysis Workshop (EPA 600/R-99/077, 1999) Project A-4.
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SPATIAL AND TEMPORAL VARIABILITY PROJECT

. ____________________________________________________________________________|
Project Name: ST-02. UseNHEXAS Dietary and Activity Pattern Data To Develop Predictive

Relationships Between Single-Day Observationsand Long-Term Patter ns of Behaviors

Short Project To use statistical techniques to determine the relationshi ps between measurements of
Description: exposure-related behaviors (e.g., dietary and activity patterns) on asingle day and
subsequent longitudinal measurements. Use the short-term relationshipsto develop
predictive models of longer term behaviors. The NHEXAS data set provides a unique
source of information for this study.

Goal/Objective: To develop models of the relationship between short- and long-term measurements of
exposure-related behaviors that can be used in models of long-term exposures.

Significance of Collection of longitudinal data on exposure-related activities are resource intensive and

Project: subject to anumber of technical difficulties. However, such dataare critical to the accurate

estimation of dose rates over periods longer than asingle day.

Suggested Longitudinal data on exposure-related behaviors will be extracted from the data set.
Approach: Statistical techniques such as, but not limited to, random walk, Markov chains, correlation,
and pattern recognition will be investigated as potential toolsto identify relationships
between short- and long-term patterns of behaviors. It isanticipated that the relationships
will vary greatly across behaviors. No one method islikely to predict the relationship
between short- and long-term behavior. Attention should be given to developing
methods of estimating the upper bound of long-term behaviors as a function of short-term
data. Patternsin time/activity datafrom the Maryland NHEXAS study should be
compared/contrasted with data collected in the Region V and Arizona NHEXAS studies.
Certain endpoints such as dietary records should be compared to the results of other
longitudinal dietary studies to determine consistency across different populations.

Dataor Input The NHEXAS data set and other studies of long-term dietary patterns.
Needs:
Feasibility Thedatafor thistask are available. No limitations are anticipated.

(of analyseswith
current NHEXAS
databases):

Resear ch Outputs

(1) Extract NHEXAS datafor data set

(2) Obtain other dietary surveys

(3) Reconciledifferencesin dietary survey methods
(4) Perform statistical analyses

(5) Final output: Journal article on relationship of single measurements of dietary exposure to long-term dietary

exposure
L __________________________________________________________________________________________________________________________|

NOTE: Crosswalk to NHEXAS Data Analysis Workshop (EPA 600/R-99/077, 1999) Project M-10.
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SPATIAL AND TEMPORAL VARIABILITY PROJECT

Project Name: ST-3. Characterization of the Variance Components of NHEXAS Data to Optimize
Future Designs

Short Project Characterize the variance components of NHEXAS data, including the inter- and

Description: intrapersonal, temporal (e.g., integration time, seasonal, weekly), activity-related, and

spatial variabilities by sample size for each of the pollutants by pathway/medium and by
integrated total exposure. Also, determine the reliability of a short-term measure of
exposure for assessment of long-term exposure for populations and individual's.
Results will be used to optimize future NHEXAS design.

Goal/Objective: The primary goal of the proposed project isto usethe NHEXAS datato determine the

appropriate sampling strategies for the different pollutants and pathways. To achieve

thisgoal, the proposed project will characterize the variance components of the

NHEXAS exposure datato

« estimate the optimum sample size and number of repeated measures (SAB comments
[1.A.2 and 4);

« determine how exposure distributions vary across time and space and identify factors
that influence thisvariation (11.A.2);
eexamine the variability of exposure distributions based on short-term measurements
compared to those based on long-term measurements or averages;

« assess whether the variance components differ by subpopulation, including
susceptible and highly exposed subpopulations (11.A.4); and

* investigate how the exposure characteristics of the various subpopulations are
influenced by activity patterns, geographic area, and SES (11.A.4).

Significance of The proposed project directly addresses SAB concerns and, as aresult, will improve
Proj ect: substantially the ability to optimize the design of future NHEXAS and other exposure
studies. It will incorporate findings from each of the three NHEXAS consortiaand will
allow the sampling plan of each consortium to be examined in a systematic and
guantitative manner.

Suggested Exposure data from each of the three NHEXAS studies will be analyzed to determine the
Approach: inter- and intrapersonal, temporal, and spatial variabilitiesin exposure distributions.
Analysiswill be performed by pollutant, both pathway-specific and asintegrated total
exposure, as well as by subpopulation. Variabilities will be assessed using standard
statistical approaches, including the coefficient of variation and ANOV A and mixed
model approaches. Graphical techniqueswill be used to evaluate and determine
appropriate pollutant- and media-specific sampling strategies. As possible, pollutants
will be grouped based on identified appropriate sampling strategies. This project should
be limited to representatives of the various chemical classes (e.g. metals, pesticides and

VOCs).
Dataor Input From each pilot study (and primarily the Maryland NHEXAS study for temporal data),
Needs: the following datawill be needed:

« environmental concentration and exposure data (including metabolites),
* questionnaire data, and
« time/activity data.

Feasibility High, all the necessary data exists.
(of analyseswith
current NHEXAS
databases):
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SPATIAL AND TEMPORAL VARIABILITY PROJECT ST-03
(cont'd)

Resear ch Outputs

(1) Analysesof the data

(2) Final outputs:
*Reporting of the optimized sampling strategies by pollutant and pathway
*Publishing in peer reviewed journas

NOTE: Crosswak to NHEXAS Data Analysis Workshop (EPA 600/R-99/077, 1999) Projects EA-6 and LL-12.
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SPATIAL AND TEMPORAL VARIABILITY PROJECT

Project Name: ST-04. Spatial Variability
Short Project NHEXAS datawill be used to investigate spatial variability in concentrations, doses, and
Description: activity patterns. Possible areas of investigation include different states and counties,

rural versus urban areas, locations near sources, and different climates and elevations.

Goal/Objective: The goals of thisresearch areto identify spatial and geographic factors contributing to
high exposures for consideration in exposure assessment, to determine
representativeness of local/regional datafor usein assessments of other regions, and to
identify geographically defined point and area sources.

Significance of These analyses will help assessors understand the geographic variability of pollutant
Project: concentrations and exposures and the impacts of such things as population density,
climate, elevation, and local cultural factors. It also will examine the impact of identifiable,
geographically located sources on exposure levels. Information on spatial variability also
will contribute to more efficient design of future studies.

Suggested (1) Thefollowing isan approach for comparing different geographical areas: select

Approach: variables for comparison (e.g., a particular chemical/media combination), consider
differences in sampling methodol ogy that could account for differences among
NHEXAS studies, account for confounding factors, and make statistical
comparisons of distribution parameters.

(20 Thefollowing isan approach for analysis of sources: identify potential sources of
NHEXAS chemicals based on other data, such as datain the literature and the EPA
Toxic Release Inventory Data; and perform analysis of correlation of exposure
concentrations and locations of sources using geostatistical methods.

Dataor Input (1) Sufficient number of peoplein each geographic group to make meaningful

Needs: comparison. Data set needsto have sufficient percentage of detectable levels of
NHEXAS target chemicals. Sampling protocols and equipment for each location
need to be similar enough so that differences are not attributable to the methods
used.

(2) Independent database to provide | atitude and |ongitude and perhaps some estimate
of emissions for target sources. Latitude-longitude and concentration/exposure data

for NHEXAS participants.
Feasibility (1) Thisstudy could be done for afew categories (e.g., state-by-state) in Region V.
(of analyseswith There may be a problem comparing environmental samples among studies because
current NHEXAS of different sampling methodologies. Parameters selected for comparison need to
databases): have similar sampling protocols (e.g., blood, urine, drinking water, etc.).

(2) Dataon latitude and longitude of sourcesiscritical asis data on latitude and
longitude of participants (may be available only for Arizona). There also would need
to be some method to protect the confidentially of respondents that could be
compromised by revealing the |atitude-longitude of their residences.

Resear ch Outputs

() Fina outputs: Comparison of measurements, activity pattern duration/frequency, or total exposuresin
different geographical areas. Description of similarities and differences between sampling and analytical
methods of NHEXAS consortia and potential impact on comparisons of results

NOTE: Crosswalk to NHEXAS Data Analysis Workshop (EPA 600/R-99/077, 1999) Project A-12.
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SPATIAL AND TEMPORAL VARIABILITY PROJECT

Project Name: ST-05. Investigate Stability of Individualsin Population Exposure Ranks

Over Time
Short Project Temporal variability in measurements of individuals may have a significant effect on
Description: estimates of exposure factors and distributions. This project will investigate the effect of

using cross-sectional studies on estimates of exposure factor distributions. Cross-
sectional studies are cost efficient because they collect minimal observations per
individual, but provide no indication of temporal variability. Measures of intraindividual
temporal variability do not necessarily tell the complete story, asindividuals may vary in
concert, because of factors such as seasonal changes. It isalso useful to examine the
stability of individual’s position or rank in the population exposure distribution to
determine how this stability influences predictive ability of various exposure distribution
parameters.

Goal/Objective: To examine the importance of temporal variability and evaluate sources of variability in
exposure factor measurements of an individual over time. To examine thisvariability on
stability of an individual’ s rank or position in exposure factor population distributions.

Significance of It isimportant to understand the temporal variability in individual’ s measurements to
Project: assessment of potential bias of cross-sectional studies as estimates of exposure factor
population distributions. A clear understanding of temporal variability will be useful in
deciding when and where cross-sectional studies are appropriate for estimation of
population exposure distributions and what modifications may improve these studiesin a
cost-efficient manner. Thiswork also would provide highly relevant information on
estimating the upper tails of the distribution.

Suggested (1) Identify feasible and relevant variables from NHEXAS for study..
Approach: (2) Develop/assess methods for examining temporal variability and stability of
individuals

(3) Usemixed modelsto develop repeated measure/temporal correlation estimates and
consider automation of methodology for examination of large numbers of variables.

Dataor Input The entire NHEXAS date set; especially the Maryland NHEXAS longitudinal data.
Needs:
Feasibility Feasible for variables where longitudinal data are collected for at least some individuals.

(of analyseswith Focusislikely to be on the Maryland study, with confirmation/validation use of Region V
current NHEXAS | and ArizonaNHEXAS studies.
databases):

Resear ch Outputs

(1) Develop methods for examining temporal variability and stability of individuals
(2) Apply mixed modelsto develop repeated measure/temporal correlation estimates

(3) Final outputs:
«Determination of factors influencing temporal variability in individuals exposed to environmental
pollutants
e|dentification of limitations of cross-sectional population exposure surveys and recommendation of

optimal spatio-temporal survey designs for future NHEXAS-type studies
_________________________________________________________________________________________________________________________________|

NOTE: Crosswalk to NHEXAS Data Analysis Workshop (EPA 600/R-99/077, 1999) Project M-8.
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SPATIAL AND TEMPORAL VARIABILITY PROJECT

Project Name: ST-06. Spatial and Temporal Variability in Multichemical Exposure
Short Project Project will better characterize the magnitude and variability in exposure to multiple
Description: chemicals measured in all environmental media by the three NHEXAS studies for different

locations of the country. Both within- and among-study variability will be examined, and
analyses will be conducted to determine whether exposure to one chemical in agiven class
is predictive of exposures to other compoundsin that class or other classes.

Goal/Objective: The goal of this project isto provide information that will improve the efficiency (e.g., cost-
effectiveness) of future exposure, risk assessment, and epidemiologic investigations of
health risks of cumulative chemical exposure. This study will provide some of thefirst
information on multichemical and multipathway exposures required for cumulative risk

assessments.
Significance of The need to assess risks of cumulative chemical exposuresiswell recognized within the
Project: scientific and regulatory communities. Littleinformation isavailable for such assessments.

Analysis of thetemporal and spatial aspects of the NHEXAS dataisimportant to reduce
uncertainty in the exposure estimates for these assessments.

Suggested The suggested approach is to examine multiple chemical exposure, first for each route of
Approach: entry and second for aggregate exposure. This approach should be limited to two or three
chemical classes, but utilize all of the NHEXAS data even if acompound was not collected
inal media(e.g., VOCs). Analyseswill be performed on measurements of environmental
concentrations, exposure, and biomarkers (related to internal dose). Investigators should
determine the appropriate chemical classes for study.

Dataor Input Concentration, exposure, and biomarker measurements from each NHEXAS study.
Needs:
Feasibility Thefeasibility of the proposed project is high for analyses of datawithin the Maryland

(of analyseswith study. Some limitations are anticipated in the types of samples available from the Region V
current NHEXAS | study. (Longitudinal sampleswere not collected for Arizona.)
databases):

Resear ch Outputs

(1) Initiate investigations within each medium and combine data across mediawhere feasible for each study
(2) Complete single-route and aggregate analyses of cumulative exposure

(3) Final outputs:
*Compare findings among studies

*Report findings, write reports and manuscripts on cumulative chemical exposure
. ____________________________________________________________________________________________________________]

NOTE: Crosswalk to NHEXAS Data Anaysis Workshop (EPA 600/R-99/077, 1999) Project EA-5.
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SPATIAL AND TEMPORAL VARIABILITY PROJECT

Project Name: ST-07. Development and Evaluation of Modesfor Interpreting and Quantifying I nter-
and Intraindividual Variability in Pesticide Exposure/Dose Usng NHEXAS Data

Short Project Analyze cross-sectional and longitudinal biomarker and exposure data for pesticides

Description: considered in NHEXAS (such as chlorpyrifos and atrazine) to devel op and test
population-based pharmacokinetic (i.e., pharmacostatistical) models that explicitly discern
and quantify intra- and interindividual variability in human doses.

Goal/Objective: To develop, test/evaluate, and make available to EPA and the scientific community at

exposure/dose of human populations.

large, a mechanism-based computational tool for characterizing and quantifying inter- and
intraindividual variability (i.e., cross-sectional and longitudinal variability) in pesticides

Significance of
Project:

Quantitative characterization of inter- and intraindividual dose (and corresponding
exposure) to common pesticides will reduce the uncertainty in, and thusimproving,
relevant dose/response studies and corresponding risk assessments. The mechanistic
approach to be developed and evaluated should be applicable to awide range of
exposure situations and U.S. population segments.

Suggested
Approach:

these data sets.

(1) Develop general formulations for popul ation-based (pharmacostatistical) models of
selected pesticides considered in NHEXAS (primary candidates are chlorpyrifos and
atrazine) that explicitly incorporate/describe inter- and intraindividual variability of
biological uptake/distribution/fate. This step primarily should consider existing
“individual-based” “classical” (compartmental) models, aswell as the possibility of
formulating simplified population physiologically based models.

(2) Perform analyses of appropriate NHEXAS data components to develop
parameterizations for the above formulations (the Maryland study database being the
primary candidate because it contains extensive longitudinal data); assess and
interpret magnitudes of different types of variability.

(3) Test the population pharmacostatistical model, with parameterizations derived asin
the step above, with relevant independent data from other NHEXA S components to
evaluate its ability to reproduce variability observed in these studies.

(4) Review the available literature for other relevant data sets that may exist on dose
variability for the pesticides of concern and extend the model evaluation to include

(5 Finaly, evaluate the new model/method for its applicability to children’ s exposure to
pesticides (using the NHEXAS Minnesota study data) and derive recommendations
for appropriate model refinements/modifications and possibly additional data
collection that would help to extend the model to children’s exposure.

Data or Input
Needs:

Pesticide exposure- and dose-related data from all three NHEXAS studies; other
exposure/dose-rel ated data from these studies (from both monitoring and questionnaires),
such as activity patterns and additional literature data

Feasibility
(of analyseswith
current NHEXAS

At aminimum, it should be feasible with the collected data to at |east evaluate the
applicability of apopulation-based pharmacokinetic model for pesticide dose estimation
to multiple regions and popul ation segments of the United States. In some cases,

databases): biological half-life considerations may influence the modeling choices. In the best case, a
widely applicable tool will be available; in the worst case, data needs for characterizing
nationwide variability to dose will beidentified.
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SPATIAL AND TEMPORAL VARIABILITY PROJECT ST-07
(cont'd)

_________________________________________________________________________________________________________________________________|
Resear ch Outputs

(1) Dataanalysis/evaluation
Comparison and evaluation of existing approaches for individual-based pharmacokinetic modeling of the
selected pesticides

(2) Final outputs:
*Tested operational population-based model with explicit descriptions of inter- and intraindividual
variability
«Peer-reviewed manuscript
L __________________________________________________________________________________________________________________________|

NOTE: Crosswalk to NHEXAS Data Analysis Workshop (EPA 600/R-99/077, 1999) Project M-14.
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AGGREGATE EXPOSURE, PATHWAY ANALYSIS,
AND CUMULATIVE RISK PROJECT

Project Name: AE-1. Aggregate Exposure

Short Project This project will estimate aggregated exposures from all mediaand al pathwaysfor asingle
Description: chemical. Environmental concentrations, personal exposure data, biological levels, and
guestionnaire data from NHEXAS, supplemented by data from other sources, will be used in
the assessments. Multimedia exposure models representing current state-of-the-science
regarding chemical, environmental, and popul ation dynamics will be employed. The project
will determine the relative contributions of environmental media and routes of exposure to
“total exposure” or dose for each NHEXAS study and compare results among studies.
These analyses will help to identify critical exposure pathways, factors, and sources that
contribute to high end exposures.

Goal/Objective: | (1) To utilize existing multimedia/multipathway exposure modelsto aid in the interpretation
of NHEXAS data and to help identify critical exposure pathways, processes, factors, and
sources that contribute to high end exposures.

(2) To assess aggregate exposure and identify the important media, pathways, and routes
that contribute the most to total exposure;

(3) Toidentify or develop methodologies (or models) to use biological datain aggregate
exposure assessment through analysis of the relationships among biological testing
results (i.e., blood and urine samples), environmental concentrations, personal
concentrations, and exposure/dose

(4) To compare the approaches, data, and estimates used to apportion pathway-specific
exposures used in the NHEXAS studies and to identify similarities and differences, and
compare or pool results where possible.

Significance of (1) Addressestheimportant regulatory issues associated with single and multimedia

Project: exposures (e.g., air, water, contaminated soil, and food)

(2) Advances exposure assessment methodology (multimedia and multipathway)

(3) Helpsthe agency to prioritize resources to address the most important media or
pathways, and to design intervention strategies to protect public health
(8)Determines how the results (parameter estimates) from the individual NHEXAS
studies can be systematically compared to each other or pooled to provide combined
estimates of associ ations between pathway-specific measurements/estimates and
aggregate exposure or dose.

(9)Utilizes existing tools that assimilate or represent the current level of understanding of
exposure processes to extract relevant and useful information from the NHEXAS
studies.
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AGGREGATE EXPOSURE, PATHWAY ANALYSIS, AND CUMULATIVE RISK
PROJECT AE-1

(cont'd)
. ________________________________________________________________________________________________|
Suggested Ideally, this project should include at least one pesticide and one metal. For each chemical
Approach: class, identify specific case studies that warrant investigation (e.g., elevated concentrations

in multiple media, elevated exposure, sensitive subpopulations).

(1) ldentify or develop an aggregate exposure model to assess aggregate exposure for each
individual .

(2) Construct concentration and exposure factor distributions for each exposure variable
using questionnaire and measurement data from NHEXAS supplemented by datafrom
other sources where necessary.

(3) Calculate aggregate exposure for each individual.

(4) Compare aggregate exposure results to biomarkers.

(5) Compare estimates of pathway or route specific exposures with total exposure or
absorbed dose to identify pathway contributions to exposure.

(6) Identify important contributorsto high end aggregate exposure. Data on activity
patterns, housing characteristics, and other exposure factors can be obtained from the
guestionnaire and assessed using a variety of methods that handle different datatypes
(binary, integer, categorical, ordinal, and continuous). Potential methods may be based
on regression trees, neural networks, factor analysis, or order statistics (i.e., statistics of
extreme events). Fate and transport models and regression models may be used to
assess contributions of sources such asindustrial point sources, motor vehicles,
smoking, pesticides and other consumer products used at the residence, building
materials, and combustion sources.

(7) For each study, examine sampling and analytical methodsto determineif the resulting
measurements are sufficiently similar to be compared. Compare results (parameters and
error terms) among individual studieswhere feasible.

(8) Pool data where measurements are similar to make generalized statements about
exposure where feasible.

(9) Evauate uncertainties and limitations. Develop plausible explanationsfor NHEXAS

results.
Dataor Input (1) Environmental concentration datain all media
Needs: (2) Biological testing data

(3) Questionnaire data

(4) Information about sampling and analytical methods.

(5) Supplemental datafrom other sources— Toxics Release Inventory, population density,
pesticide use, absorption rates.

(6) Coefficients (e.g., uptake rates, absorption rates, etc.)

Resear ch Outputs

(1) ldentify case studies, select models, and complete parameterization of case studies and complete initial
analysis

(2) Final output: Journal article on cumulative exposure and risk to selected chemicals.
1

NOTE: Crosswalk to NHEXAS Data Anaysis Workshop (EPA 600/R-99/077, 1999) Projects A-3, EA-11, M-6,
and M-7.
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AGGREGATE EXPOSURE, PATHWAY ANALYSIS,

AND CUMULATIVE RISK PROJECT

Project Name AE-2. Comparison of children’s and adults exposuresto pesticides and other
chemicalsin the Region V, Arizona, and Maryland studies

Short Project Compare children’s and adults' exposures to pesticides, volatile organic chemicals,

Description: metals, and PAHs using biomarker and environmental data collected in the Minnesota
Children’s Pesticide Exposure Study, Region V Study, and Arizonaand Maryland
Studies. Datafrom the children’s studiesin Arizona and Washington may also be
compared as they become available.

Goal/Objective: To determineif children’s exposures differ/do not differ from adults for pesticides and

other NHEXAS chemicals.

Significance of
Project:

Children have been identified as a potentially vulnerable subpopulation for exposure to
pesticides and other chemicals (e.g., lead). NHEXAS data may be used to better
understand differences between adults and children’ s exposures, and ultimately to
determineif federal and state regulatory policies adequately protect children.

Suggested
Approach:

(1) Determine what data may be compared (see limitations below).

(2) Develop aset of consistent procedures for analyzing the data across studies to take
into account among-study differences (e.g., methods for handling val ues below the
detection limit; methods for handling non-normal distributions; methods for data sets
with alarge number of values below the detection limit).

(3) Compare children’s and adults' exposures (where appropriate). Focus on biomarker
data (urine, blood), and then expand to diet, personal air, and other measurements.

(4) Assess health risks for children and adults using appropriate toxicity values (e.g.,
RfDs, RfCs, cancer potency slopes). Compare health risksfor adults and children.

Data or input
Needs:

Data may be used from the Minnesota Children’ s Pesticide Study, Region V Study,
Arizona Study, and Maryland Study. Datafrom the children’s studies which are being
conducted in Arizona and Washington may also be included (as the data become
available).

Feasibility (of
analyseswith
current NHEXAS
databases):

Data among these studies may not be comparable because of differencesin types of
measurements (chemicals, media), detection limits, methods/strategies of collection,
methods of analysis, and spatial and temporal factors. Consistent procedures for data
analysis must be developed for comparisons to be valid. Data are available on children for
metals and VOCs as well as pesticides. Also need to consider the effects of regional
differences on differences between children and adultsin different regions. Child
subjectsin the Region V and Arizona studies might possibly be used to address this, but
there may be alimitation based on the number of children in those two studies (about
15%).

Resear ch Outputs

Final outputs:

*Assessment comparing total exposure (dose) for children in Minnesota.
«Study of total exposure (dose) for adultsin Region V or other appropriate studies.

NOTE: Crosswalk to NHEXAS Data Analysis Workshop (EPA 600/R-99/077, 1999) Project A-8.
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Proj ect Name

AGGREGATE EXPOSURE, PATHWAY ANALYSIS,
AND CUMULATIVE RISK PROJECT

AE-3. Construction of an empirical multimedia/multipathway exposure distribution
mode including temporal variability based on NHEXAS data.

Short Project
Description:

The NHEXAS study collects datathat can be used for the devel opment of

multimedi a/multipathway exposure models and can also incorporate temporal variability
in exposure factor measurements. Pre-NHEXA S models were based on data from studies
that were often limited in scope to single media/single pathway. Using the NHEXAS
data, the pree-NHEXAS models can be extended to include multimedia/multipathway
correlation among variables, both among and within individuals. This project examines
theissuesinvolved in constructing this type of model based on the data availablein the
NHEXAS study.

Goal/Objective:

(1) Determine limitations of NHEXAS study design in construction of empirical
multimedia/multipathway exposure distributions which includes temporal variability.

(2) Construct empirical multimedia/multipathway exposure distribution model including
temporal variability using NHEXAS datato extent possible.

(3) Examineissuesin constructing empirical models involving temporal variability,
including development of methodology for estimating multivariate distributions

Significance of
Project:

Project would extend empirical exposure distribution models to include temporal
variability in individual exposure measures and development of multivariatejoint and
conditional distributions for usein empirical exposure distribution models. It will also
highlight the limitationsin the NHEXAS study design for construction of such models
and provide information to improve future multimedia/multipathway exposure studies.

Suggested (1) Useof NHEXAS Maryland data.
Approach: (2) Assessment of datafor use in development of multivariate exposure factor
distributions.

(3) Extension of pre-NHEXAS mode! framework to include multivariate distributions.
(4) Estimation of parameters for empirical mode! exposure factors distributions

Data or input NHEXAS study data. Pre-NHEXA'S exposure models.

Needs:

Feasibility (of No feasibility issues beyond data and input needs.

analyseswith

current NHEXAS

databases):

Resear ch Outputs

(1) Development of methodologies for multivariate distributions

(2) Estimation of distribution parameters from NHEXAS data

(3) Development of framework for empirical distribution model

(4) Running and analysis of model

(5 Multimedia/multipathway exposure distribution model including temporal variability

(6) Empirical multivariate distributions and associated uncertainties based on NHEXAS data that can be used
by other modelers

(7) Report/journal article assessing results of model analysis

NOTE: Crosswalk to NHEXAS Data Analysis Workshop (EPA 600/R-99/077, 1999) Workshop Project M-17.

June 7, 2000

E-30 DRAFT-DO NOT QUOTE OR CITE



AGGREGATE EXPOSURE, PATHWAY ANALYSS,
AND CUMULATIVE RISK PROJECT

Project Name: AE-4. Cumulative Risk from Exposureto NHEXAS Chemicals

Short Project Assess cumulative risks of various health effects associated with multichemical
Description: exposures measured in NHEXAS

Goal/Objective: (1) Totest whether the distributions of concentrations co-vary across subjects for

different chemicals or not.

(2) Toidentify groupsof chemicalsthat vary together across the population and/or that
cluster together in the upper percentiles of exposure (e.g., upper 10" or upper 25",
depending on availability of data) and analyze questionnaire data for ability to
predict whether a person fallsin the upper tail of the joint distributions.

(3) To prioritize pollutants and pathways asto their contribution to cumulative risk of
various health effects to focus pollution control and other public health activities on
higher risk contributors.

(4) Toassesscumulative risk resulting from exposure to multiple chemicals of similar
action/toxicity.

Significance of A key question in addressing risks is whether the distributions across people in

Proj ect: exposuresto chemicals A, B, C... areindependent of one another or whether the
distributions are correlated. Arethere individuals who fall in the upper tails of more than
one chemical distribution? If so, this could have important implications for risk
assessment. The results of this project will assist public health agencies (national, state,
and local) in effectively and efficiently targeting resources to control pollutants and
pathways of higher risk. This project, in conjunction with the Aggregate Exposure
Project, will start laying the foundation for agency effortsin cumulative (multistressor)
risk assessment. Exampleswhere results of this project will be useful include
assessments of pesticides with similar mechanisms of action under FQPA, assessments
of multiple exposuresto air toxics, and the recently begun effort to develop agency
guidance for cumulative risk assessment.

Suggested «Construct bivariate correlation matrices for all chemicals (using pooled data across
Approach: study if possible) for NHEXAS mediaand carry out factor analysisto identify
groups of chemicalsthat vary together across the populations.

«Dichotomize exposure distributionsinto >X percentile or not and analyze whether
assignments are correlated across chemicals

«Characterize chemical groupings, if any, and use regression analysisto identify
predictors of high exposure.

*Develop cumulative risk assessment of chemical exposures for individual study
participants measured in NHEXAS projects. One approach isto identify chemicals
with common endpoints and/or mechanisms of action and use toxic equivalency
factorsto sum therisks. Some common metric for risk must be found to combine
exposures of chemicalswith varying toxicities. Approaches should conform to
Agency guidance and scientific understanding for assessment of mixtures of
stressors. Calculate aweighted index of “cumulative” exposure using the absorbed
dose estimated from NHEXAS data

«Characterize relative contributions to cumulative risk of individual pathways and
pollutants per participant and describe distributions across study popul ations.
Report relative contribution of individual pathways and pollutants for representative
low-end, average, and high-end NHEXAS subjects.

*Develop relative ranking of pathways and pollutants in terms of contribution to
cumulative risk; identify key driving pathways and pollutants.

«Compare across studies.
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AGGREGATE EXPOSURE, PATHWAY ANALYSIS, AND CUMULATIVE
RISK PROJECT AE-04

(cont'd)
. ______________________________________________________________________________________________|

Dataor Input Exposure measurements from NHEXAS studies
Needs: Popul ation descriptions (e.g., body weights, ages, food intakes, etc.) from NHEXAS

studies

Toxicity data

Data on possible synergistic or antagonistic interactions among chemicals
Feasibility (of Limitationsinclude number of pollutants for which quantitative dose-response values are
analyseswith available. Initially, the project would probably consider those chemicals with common
current NHEXAS | health endpoints and/or modes of action. Also assumptions on nondetects will haveto
databases): be made (e.g., evaluate using nondetects set to zero versus set to %2 DL versus omitting

large nondetect chemicals from analysis). Cumulative risks would be assessed for variety
of health endpoints.

Resear ch Outputs

(1) Intermediate steps:
«Collect toxicity dataand identify appropriate set of chemicals for study
*Select appropriate models and parameterize models, completeinitial
Completeinitial descriptive analysisincluding bivariate correlations
«Complete multivariate analysis of co-variance

(2) Final outputs: Report and publication on multivariate analysis of co-variance. Weighted exposure indices
for 1 to 3 sets of chemicals, depending on data availability. Multipathway, multichemical assessmentswith
estimates of total risk. Comparison of multichemical risk via single pathways with total risk for selected
NHEXAS compounds. Comparison of risk viasingle chemical with total risk from selected NHEXAS
compounds.

NOTE: Crosswak to NHEXAS Data Analysis Workshop (EPA 600/R-99/077, 1999) Projects A-1, A-6a,

and EA-12.
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EVALUATION/REFINEMENT OF CURRENT EXPOSURE
MODELSAND ASSESSMENTSPROJECT

Project Name: M-01. ComparePre-NHEXASMode Resultswith NHEXAS M easur ements

Short Project Compare pre-NHEXAS model results for benzene, lead, and chlorpyrifoswith NHEXAS

Description: measurements. Update pre-NHEXAS models with information from the measurement
data.

Goal/Objective: Assess validity of pre-NHEXAS models by comparing with measurements. Improve
these models based on data to better predict exposures.

Significance of If models and data compare well, this provides a validated model for usein predicting
Project: human exposures to these pollutants. Thisthen can be applied to popul ations outside of
the NHEXAS study region. Differences between measured and modeled results can be
used to improve model predictions and provide information on limitations in the use of
disparate studies. Overall, this comparison will provide confidence in using modelsto
estimate multimedia exposures.

Suggested (1) Compare environmental concentrations as predicted from pre-NHEXAS benzene,

Approach: lead, and chlorpyrifos models with corresponding measurements, with special
attention to high-end concentrations.

(2) Extend pre-NHEXAS modelsto go from exposure to dose and compare NHEXAS
biomarker measurementsto this version with special attention to high-end
measurements.

(3) Examine different parameters to determine possible reasons for discrepancies
between models and measurements. This should include comparison of measured
and model ed time/activity diaries and concentrationsin air, food, water, and other
media. In addition, algorithmsfor cal culation should also be examined.

(4) Determineif model predicts better/worse for a certain population subgroup, based on
location, age, race, sex or other factors.

(5) Improve model estimates based on results of tasks 1 through 4.

Dataor Input Questionnaire and time/activity data, environmental concentration data, and analyte
Needs: concentrations.
Feasibility PreeNHEXAS model code, documentation, and their results should be made available.

(of analyseswith Questionnaire data and concentration data that correspond to the pre-NHEXAS models
current NHEXAS | will beavailable.
databases):

Resear ch Outputs

(1) Compare environmental concentrations from measured and modeled results

(2) Extend exposure model to dose and compare with urine/blood concentrations

(3) Determine which inputs/algorithms/population subgroups are responsible for discrepancies between model
and measurements

(4) Final outputs:
*Report on comparison between measured and model ed data
eImprove model based on results

NOTE: Crosswalk to NHEXAS Data Analysis Workshop (EPA 600/R-99/077, 1999) Project M-16.
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EVALUATION/REFINEMENT OF CURRENT EXPOSURE
MODELSAND ASSESSMENTSPROJECT

Project Name: M-02. Develop Mode Parametersfrom Qualitative and Quantitative NHEXAS
Monitoring Data, Questionnaires, Time/Activity, and Survey Data

Short Project Develop exposure model parameter (e.g., ingestion rates, emission rates, etc.) values,
Description: ranges, and distributions making use of both quantitative and qualitative data generated
in NHEXAS. Exposure parameters should be developed in accordance with the current
state of the art in exposure assessment and corresponding model input requirements.
Specific emphasis should be placed on key exposure parameters common in multimedia
exposure assessment and those that are likely to contribute to high-end exposures.

Goal/Objective: Generate deterministic values and stochastic distributions for exposure model parameters,
using available NHEXAS database. Exposure parameters that are selected should be
relevant to exposure assessments that are based either on mechanistic, statistical, or

empirical models.
Significance of Improve exposure parameter values and the utility of questionnaires for quantitative
Proj ect: exposure analysis.
Suggested Develop methods to interface avail able sel ected exposure models with qualitative and
Approach: quantitative questionnaire data (e.g., time/activity patterns, identified sources and

exposure pathways) for the purpose of deriving magnitude, ranges, and distributions of
exposure parameters. The combination of artificial intelligence and statistical methodsis
one possible approach for the automated analysis of large data sets.

Dataor Input NHEXAS chemical monitoring datafor all media (where available) and
Needs: qualitative/quantitative data generated from questionnaires and other sources (e.g., local
survey of potential sources).

Feasibility The use of mathematical and computer methods to combine qualitative and quantitative
(of analyseswith datafor the purpose of generating quantitative exposure parameters represent a new and
current NHEXAS | challenging approach. The proposed approach isfeasible given therich NHEXAS
databases): database and existing state-of-the-art mathematical methods of quantifying descriptive
datain the context of model development. Analysis may be limited by censored (e.g.,
nondetects) data for chemical measurementsin some media.

Resear ch Outputs

(1) Development of methodology and demonstration of general test cases
(2) Final outputs:
*Generation of distributions for exposure model parameters
«Journal article describing improved exposure model parameter values.
_________________________________________________________________________________________________________________________________|

NOTE: Crosswalk to NHEXAS Data Analysis Workshop (EPA 600/R-99/077, 1999) Project M-3.
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EVALUATION/REFINEMENT OF CURRENT EXPOSURE
MODELSAND ASSESSMENTSPROJECT

Project Name: M-03. Comparison of NHEXAS Findingswith Cumulative Exposure Project Estimates
for Ambient Air Levelsand Exposuresfor Selected VOCsand Metals?

Short Project Compare patterns and trends in monitored neighborhood ambient air levels of VOCs and

Description: metals to the annual average estimates of the same compounds derived through the
Cumulative Exposure Project (CEP); evaluate the relevance of CEP predictionsto the
types of exposure situations characterized in NHEXAS.

Goal/Objective: To evaluate the relevance of CEP predictions to the types of exposure situations

characterized in NHEXAS; to identify gaps and potential improvementsin both screening
modeling methods for ambient air quality characterization and in data collection for

exposure characterization.

Significance of
Project:

The CEP study has attracted remarkabl e attention, including the media’ s and the general
public’s, as well as some criticism regarding its relevance to exposures actually
experienced by individuals and populations. This project will help in understanding and
characterizing both the relevance and the limitations of CEP (and potentially of similar
approaches), aswell asin identifying specific stepsin improving exposure estimates to
airborne contaminants through screening modeling approaches.

Suggested
Approach:

(1) Extract ambient air concentration estimates from the 1990 CEP database (or from the
follow-up database utilizing more recent TRI emission data, depending on its
availahility at the time of project implementation) for a set of selected airborne VOCs
and metals monitored in the NHEXAS studies and for the approximate locations of the

monitors.

(2) Incorporate both the CEP estimates and the corresponding NHEXAS observationsin
a Geographic Information System linked with appropriate statistical/geostatistical
software routines to ensure maximum usability, visualization, and analysis options for

these data and estimates.

(8) Perform qualitative and statistical comparisons of relevant ambient air concentration
estimates/data from CEP and NHEXAS, with focus on identifying general patterns

and trends.

(4) Perform screening cal culations of exposure for selected subsets of the NHEXAS
components, using the CEP estimates as the starting point and utilizing partial
information from the NHEXAS databases (such as activity patterns and other
questionnaire-based information). Compare these results to personal exposure
measurements and estimates that utilize additional NHEXAS data.

(5 Consider, evaluate conceptually, and, if possible, investigate through limited case-
specific studies, potential improvements in CEP-type methodologies for screening

ambient and exposure characterization.

Dataor Input
Needs:

For phase | (steps 1 to 3 of the approach), NHEXAS monitored selected VOCs and metals
with corresponding geographical location information. CEP dataare publicly available
but certain additional information may need to be provided by EPA. For phasell (steps4
and 5), access to more extensive information from the NHEXAS databases (e.g., activity

patterns and household attributes).

Feasibility

(of analyseswith
current NHEXAS
databases):

The study is straightforward and feasible, depending only on on-time availability of
NHEXAS datafor Phases| and 11 (asidentified in the Data Needs).
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EVALUATION/REFINEMENT OF CURRENT EXPOSURE MODELS
AND ASSESSMENTS PROJECT M-03
(cont'd)

Resear ch Outputs

(1) Report summarizing evaluation of the relevance of the CEP estimates for exposure assessments

(2) Final outputs:
« Evaluation of methodologies for screening exposure assessments for airborne contaminants

« Specific recommendations for improving screening modeling methodol ogies and data collection
approaches
* Peer-reviewed manuscript(s)

#Thisisatwo-phase project (Phasel - Year 1; Phasell - Year 2). Critical results evaluating the relevance of
CEP estimates will become available from Phase |, whereas Phase Il will focus on more exploratory aspects of
the problem, leading to recommendations for methodol ogical improvementsin screening exposure

assessments.

NOTE: Crosswalk to NHEXAS Data Analysis Workshop (EPA 600/R-99/077, 1999) Project M-15.
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EVALUATION/REFINEMENT OF CURRENT EXPOSURE
MODELSAND ASSESSMENTSPROJECT

Project Name: M-04. Evaluate Implications of NHEXAS Resultsfor Existing Chronic Exposure
Assessment M ethodologies

Short Project Screening models (sets of algorithms) are used widely to make preliminary decisions for
Description: Superfund sites, pesticide regulations, and the evaluation of emissionsto air and water.
However, high quality and reliable multimedia monitoring datato validate these models
are virtually nonexistent in the literature, and, as such, the opportunity to test screening
models, even on aqualitative scale, israrely available. This project will take the dose
estimates from personal monitoring or biomarkers and compare the estimates to those
produced from EPA screening methodologies (also referred to as Tier 1 or initial Tier
assessments). Examples of these methods include recommended exposure models under
the Superfund program and the residential SOPs.

Goal/Objective: To improve the understanding of the strengths and limitations of existing screening
models and identify opportunities for improving future models.

Significance of Screening models provide the basis for preliminary regulatory decisions for pesticides,

Project: hazardous waste sites, and the evaluation of releasesto air and water. NHEXAS
databases provide a unique opportunity to evaluate these models.

Suggested This project would be performed in phases,

Approach: (1) Determine how the NHEXAS data set would be used (selection of pollutants, interim

findings, activity/dietary patterns, etc.).

(20 Development of the strategy for developing model inputs and relating outputs to the
data set.

() Performthe evaluations.

(4) Analyzetheresultsto determine why the models did or did not match with the
survey.

(5) Publish afinal report.

A clear methodology should be established for the evaluation procedure that will be

reviewed scientifically. A consistent strategy for dealing with data gaps should be

established.

Dataor Input The complete data set (including the data from the questionnaires) should be available

Needs: prior to the development of the specific model test sets. Participation from the relevant
EPA program officesis desirable to confirm detail on how screening exposure models
actually are used.

Feasibility The project isfeasible with the indicated data resources.

(of analyseswith

current NHEXAS

databases):

Resear ch Outputs

(1) Development of amodeling strategy that addresses differencesin the type of models and how data gaps
will be addressed

(2) Application of screening level and refined multimedia exposure and dose models to selected pollutants

(3) Evaluation of differences among the results obtained from alternative chronic exposure modeling methods

(4) Final output: Develop final report and journal articles (s).

NOTE: Crosswalk to NHEXAS Data Analysis Workshop (EPA 600/R-99/077, 1999) Project M-13.
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EVALUATION/REFINEMENT OF CURRENT EXPOSURE
MODELSAND ASSESSMENTSPROJECT

Project Name: M-05. Evaluation of Existing M ultimedia Models Using the NHEXAS Data Set
Short Project High-quality and reliable multimedia monitoring data are virtually nonexistent in the
Description: literature, and, as such, the opportunity to test existing models, even on a qualitative

scale, israrely available. Several multimedia models have been devel oped, or are under
development, that predict media concentrationsin residential environments based on
inputs such as source characterization and fate and transport, etc. Information available
from the NHEXAS questionnaires, particularly those related to local source
characterization, fate and transport, receptor characterization and activity patterns
(supplemented by default values) should be analyzed and used in these models to
predict media concentrations and personal exposures of the NHEXAS respondents.
These predictions should be compared with the individual’ s exposures and
microenvironmental concentrations monitored in NHEXAS. Examples of modelsthat can
be evaluated include, but are not limited to, TRIM, MEPAS, CARES, LIFELINE, and
CONSEXPO, aswell as other linked and nested compartmental models.

Goal/Objective: « To improve the understanding of the strengths and limitations of existing multimedia
models and identify opportunities for improving current and future models.

« |dentify the usefulness of the data set and determine how future NHEXAS studies
could better meet the need for testing models.

Significance of Multimediamodels provide the basis for regulatory decision for pesticides, hazardous
Project: waste sites, and the evaluation of releasesto air and water. Currently, there are very
limited opportunities to evaluate these models. NHEXAS provides a unique opportunity
for such evaluations.

Suggested This project would be performed in phases.

Approach: (1) Determine how the data set could be used (selection of pollutants, interim findings,
activity/dietary patterns, etc.).

(2) ldentification of the models, modeling strategies (e.g., linked and nested multimedia
models) and the development of the strategy for devel oping model inputs and
relating outputs to the dose measurementsin the NHEXAS data set.

(3) Model teams (preferably the developers of each multimedia model) perform the
evaluations.

(4) Analyzethe model’s prediction and NHEXAS findings to determine how and why
the models did or did not match with the survey.

(5) Develop recommendations on how future NHEXAS projects could be better
designed to meet the eval uation needs of multimedia modelers.

(6) Publish afinal report/peer review publication.

Tasks 1 and 2 could be performed by a panel of exposure assessment experts, through

one or more workshops. Where possible, model owners should be involved in these

workshops. A clear methodology should be established for the eval uation procedures.

The selected models should be divided into modules, if possible, for estimating

intermediate and final exposure results. Modules should include source characterization,

fate and transport, receptor characteristics, activity patterns, and exposure assessment

(Task 3). A consistent strategy for dealing with data gaps should be established. The

model’ s predictions of interim findings (air and surface levels, hand wipe, dietary levels,

activity patterns, etc.) also should be compared to the NHEXAS data set.

Data or Input The complete data set (including the data from the questionnaires) should be available
Needs: prior to the development of the specific model test sets. Models should be well
characterized and model developers should participate in the project.
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(cont'd)
Feasibility The project should be feasible. Only existing modelswill be evaluated. Where
(of analyseswith appropriate, model developerswill beincluded in the project team. Models of many

current NHEXAS | source terms cannot be included in this exercise because they were not included in
databases): NHEXAS.

Resear ch Outputs

(1) Selection of modelsfor evaluation, development of a modeling strategy that addresses differencesin the
type of models and how data gaps will be addressed

(2) Application of selected modelsto the NHEXAS database

(3) Analysisand comparison of model resultsto NHEXAS study concentration, exposure, and biomarker
measurements

(4) Improve the development and evaluation of existing multimedia, multipathway exposure models

(5) Final output: Report assessing the findings from the model evaluation study using the NHEXAS database.

NOTE: Crosswak to NHEXAS Data Analysis Workshop (EPA 600/R-99/077, 1999) Project M-2.
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MODELSAND ASSESSMENTS

PROJECT

Project Name: M-06. Quantify Uncertaintiesin NHEXAS Data and Assess Contribution to M odel
Errors

Short Project Provide uncertainty estimates within the NHEXAS database that is available to

Description: researchers and the public, so that uncertainty is addressed consistently and does not
lead to redundant effort by modelers. Identify how the data uncertainties may impact
modeling uncertainties and illustrate with case studies.

Goal/Objective: * Provide consistent, understandable uncertainty estimates of the NHEXAS datawithin

the NHEXAS database

* Provide guidance/advice on applicability and use of various types of datain modelsto

minimize inappropriate model construction.

Significance of
Proj ect:

The NHEXAS database will be used by many researchers and the public. Inclusion of
uncertainty estimates/descriptionswill avoid duplication of effort in calculating these
values, will mean that the data uncertainties are treated consistently, and will alert the
public and regulatory community of possible limitationsin the use of the data.

Suggested
Approach:

Analytical M easurements

(1) Ensurethat NHEXAS dataare QA’d and flagged appropriately.
(2) Ensurethat NHEXAS datainclude Limit of Detection information.
(3) Calculate standard errors for each analytical methodology (including sampling and

analysis).

(4) Taguncertainty datato all NHEXAS data entries and provide a methodol ogy for

error estimation with the public database.
Survey and Time/Activity Information

(1) Provide qualitative assessments of data and their applicability for modeling by
including meta data from field staff on reliability of individual household;
include expert panel judgment of uncertainties of the methodology in general,
including effects of sample size, inaccuracies of recall diaries, observer effects, time

resolution effects, etc.; and

compare survey results from NHEXAS with other data sources.

(2) Include qualitative assessmentsin database.
Assessment of Model Uncertainties

Convene workshop of modelers to eval uate impacts of uncertainties for variety of
analytes, with differing critical routes of exposure. Provide qualitative descriptions of
uncertainties and caveats for inclusion in the database. Provide case studiesto illustrate

how errorsimpact modeling uncertainties.

Dataor Input
Needs:

Paced by the availability of the database, the NHEXAS data need to be quality assured
to flag/remove inappropriate data. Duplicate sample data, split sample data, blanks, and
other QA/QC information on the analytical measurements need to beincluded in the

database. A description of the sampling and analytical methods also must be included.

Feasibility

(of analyseswith
current NHEXAS
databases):

Thefirst part of the effort is quite doable, and should build on normal QA/QC
procedures. Thiswork isto insure that the synopsized uncertainty data also are made
readily available for researchers and the public. The impact on modeling errorsis much
more likely to be case dependent, varying with each analyte and model used.
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(cont'd)

Resear ch Outputs

(1) Review NHEXAS databases now under development for datato be included and make sure that QA/QC
data and metadata on QC are in database for both analytical and survey data

(2) Calculate synopsisinformation from data sets now scheduled to be delivered in FY 01

(3) Convene workshop or expert panel to provide qualitative description of uncertainties associated with
survey information

(4) Convene workshop or expert panel to evaluate impact of uncertainties of modeling—prepare case studies for
specific analytes/major routes of exposure

(5) Final output: Incorporate uncertainty estimates and case studies into public database

* NOTE: Crosswalk to NHEXAS Data Analysis Workshop (EPA 600/R-99/077, 1999) Project M-4.
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Project Name: M-07. Reconstruct Exposure and Dose Profilesfrom Biomarker Data Utilizing
Questionnaire and Environmental M easur ements

Short Project The relationships among environmental measurements, time/activity data, and biomarker
Description: levelswill beinvestigated with the goal of classifying exposure scenariosinto steady-
state cases (e.g., from long-term average exposures) and intermittent events. There are
several assumptions regarding the route and timing of dose that need to be addressed in
making these estimates, and the questionnaires and time/activity datawill be used to
make these determinations. There isthe potential to focus on the exposures of children,
in addition to the general population.

Goal/Objective: To develop and evaluate a methodology that provides realistic estimates of the dose and
exposure associated with a biomarker measurement as a function of the types of exposure

that occurred.
Significance of Biomarkers can provide an indicator of total absorbed dose. However, making
Proj ect: quantitative estimates of this dose requires several assumptions about the timing and

route of the exposures, as well asthe suitability of the model being used. The estimates
of total absorbed dose may help to evaluate current exposure assessment models and
assumptions (e.g., OPP’ s Residential SOPs) and to develop and test models describing
residential exposure.

Suggested » Thetotal absorbed dose from a steady-state exposure will be modeled by a mass-

Approach: balance, and the absorbed dose from discrete events will be estimated by an inverted
pharmacokinetic model (in the case of compact classical compartmental models) or
maximum likelihood optimization procedure (in the case of comprehensive
physiologically based models).

« These dose estimates will be linked to arange of possible exposures and environmental
concentrations and then compared with those measured in the NHEXAS study.
Differences will reveal areas of improvement for modeling methods and indicate
additional information that will be useful to collect in future studies.

Dataor Input « Pollutant concentrationsin solid-food, personal air, dermal rinse, surface press and

Needs: wipe, urine (pesticide metabolite), and measurements.

« Pesticide use from household screening, baseline, and follow-up questionnaires.

« Time/activity and food consumption diaries.

« Information on urine volume, creatinine concentration, time of last void, and body
weight.

Feasibility This project can be implemented in a 2-year time period assuming the availability of the

(of analysiswith NHEXAS database. Likely candidate chemicals are chlorpyrifos, lead, arsenic, and

current NHEXAS | benzene.

databases): » Thefood diaries may not be coded to link with ranges of pesticide residues (by food
type), which may limit the temporal resolution of the dietary data estimates.

 There are concerns about applying model parameters (e.g., absorption and elimination
rates) determined in a small number of individuals to the general population because of
differencesin personal characteristics such as age, gender, race, and health status.
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(cont'd)

Resear ch Outputs

(1) Obtain and merge needed databases

(2) Analysisof questionnaire/activity datato group by types of exposure

(3) Review metabolite data by individual to identify intermittent and steady-state patterns

(4) Solving and programming the models

(5) Incorporation of the model in an estimation methodol ogy

(6) Uncertainty analysis

(7) Final output: Journal article on approaches to estimate dose from a biomarker and exposure information

NOTE: Crosswalk to NHEXAS Data Analysis Workshop (EPA 600/R-99/077, 1999) Project M-9.
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Lessons L ear ned from the NHEXAS Pilot Studies

Short Project A review, revision, and updating of the discussions, analyses, and conclusions which
Description: provided the original foundation for the NHEXAS design as presented in the Callahan et al.
paper (JEAEE, 1995) will be conducted in light of the NHEXAS pilot studies experience.
The hypothetical calculations would be replaced with cal culations based on actual
NHEXASdata. In addition, the analytical and statistical hypotheses that were generated in
the design of the NHEXAS pilotswill be reviewed to determine which hypotheses were
testable and which were not.

Goal/Objective: The objective of the project isto provide directly relevant and specific guidance for the
sample and survey design aspects of a national-scale multichemical, multimedia exposure

field study.
Significance of The Callahan paper influenced the design of the NHEXAS pilots. Itsrevision will provide
Project: scientifically relevant, specific, and current guidance for the design of afull national

NHEXAS, and also for other regional or national human exposure field studies, especially
multichemical, multimedia studies.

Suggested Callahan et al. (JEAEE, 1995) discussed the statistical and survey design issuesinvolved in
Approach: designing a popul ation-based environmental exposure study. It made anumber of design
recommendations — about the optimal selection of Primary and Secondary Sampling Units
(PSUs and SSUs) and households, about screening strategies, about the selection of target
household member, etc. Many of these recommendations were based on cal culations of
hypothetical intraclass correlations, design effects, and variances. Thereis now awealth of
data available from the three NHEXAS pilot studies that is germane to these survey design
issues. This project would involve areview of the discussions, analyses, and conclusions
in the Callahan paper in light of the NHEXAS experience. The hypothetical cal culations of
design effects and intraclass correlations would be replaced with cal culations based on
actual data, and the conclusions and recommendations revisited. These analyseswould be
repeated for different pollutants and classes of pollutants to determineif different
conclusions would be reached for different pollutants. In addition, the analytical and
statistical hypotheses that were generated in the design of the NHEXAS pilotswill be
reviewed to determine which hypotheses were testable and which were not. Testability
would be measured through the cal culation of the statistical powers of the tests. Testswith
high powers would be deemed testable, whereas tests with low power would be deemed not
testable. Through areview of the data, the reasons for the ultimately testability will be
determined. These calculationswill lead to conclusions regarding the testability of the
hypotheses, and the optimal design of future environmental exposure studies.

Dataor Input For each household in each of the three NHEXAS pilots, the following data are needed: the

Needs: PSU and SSU containing the househol d; the design stratum containing the household; and
the data on each pollutant/medium sampl ed.

Feasibility The current NHEXAS data files have the necessary data to perform the calculations.

(of analyseswith At worst, there are potentially small or empty cellsin the survey designs that might force
current NHEXAS | combining cells or qualifying the conclusions.
databases):

Resear ch Outputs

(1) Gather data sets; plan, review, and approve the statistical analyses
(2) Perform the statistical analyses

(3) Final output: Report with recommendations for the optimal design of a national-scale human exposure study

NOTE: Crosswalk to NHEXAS Data Analysis Workshop (EPA 600/R-99/077, 1999) Project LL-1.
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Project Name: DES-02. Evaluating Modeling Considerationsfor the Design of Future Exposure Field
Studies

Short Project In conducting field studies, usually a study is designed, monitoring data and other

Description: related data are gathered and then statistical analyses performed to interpret the data.

However, from amodel development, model application, or model evaluation perspective,
the data gathered may be insufficient, particularly for inferential purposes. Future
NHEXAS studies should accommodate the needs of existing or modified multimedia
models. To achievethis, the model parameters should be understood and incorporated in
the study design. Sample parametersinclude those related to time/activity patterns,
contact rates, and dermal and dietary exposure (e.g., surface coveringsin residences,
contact times with these surfaces).

Goal/Objective: To establish a procedure wherein modeling considerations are accommodated in the early
stages of the design of future NHEXAS studies.

Significance of The power of any future NHEXAS study liesin interpreting the measurement results
Project: within the risk assessment/risk management paradigm used by EPA to select actions
designed to protect the public. Thisinterpretation can be done effectively only through
modeling the exposures and the changes resulting from the risk management actions. Itis
critical that future NHEXASfield studies incorporate modeling considerationsin their
design from the very inception to ensure their usefulness for protecting human health
and the environment.

Suggested Theresults of the NHEXAS pilot studies can be used to identify a multimedia exposure
Approach: assessment methodology, either currently implemented in amodel or that can be later
modified. This methodology can be used to establish the parameters to be monitored in
future studies.

Dataor Input All available datafrom NHEXAS pilot studies.
Needs:
Feasibility Thisproject isimmediately feasible and should be undertaken early in the design process

(of analyseswith for any future NHEXAS or large-scale field study.
current NHEXAS
databases):

Resear ch Outputs

(1) Determine model parametersto be monitored

522 Final outeut: Demonstrate use of Eoststudz data

NOTE: Crosswalk to NHEXAS Data Analysis Workshop (EPA 600/R-99/077, 1999) Project M-5.
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Project Name: DES-03. Scaling Up: Evaluation of the NHEXAS Pilot Fixed Costs, Coordination and

Communication Strategies, and Degree of Standar dization

Short Project This project evaluates the NHEXAS pilot start-up expenditures and cost implications for
Description: various scales of coverage. The evaluation also will address the effectiveness of
coordination approaches that were used and their application to afull scale survey, and
communi cation approaches as results were shared with respondents and with local,
state, and federal officials and organizations. A key component of the analysiswill be
the evaluation of approaches that were standardized explicitly and a determination of
whether or not the degree of standardization was adequate.

Goal/Objective: This project will transfer the experience of the pilots to compare and contrast the
implementation and communication strategies of the three consortiato determine which
strategies or components worked well and which components need improvement and
standardization for the most cost-efficient full survey possible.

Significance of A national-scale survey must utilize the most cost-effective approaches. Experiences
Project: gained coordinating and standardizing implementation procedures for the pilots provide
valuableinformation for the design of future large-scale projects. Communicationisa
component of human exposure assessment that often is given low priority by project
planners and sponsors, yet it is an important component of the overall package of
benefitsthat are provided to the respondents and that serves as a significant component
of the incentives used to promote participation. In addition, timely reporting of values
that exceed nominal thresholdsis a mandatory component of all human exposure

research.
Suggested (1) Interviewswill be conducted and pilot documentation collected addressing
Approach: coordination, communication, and degree of standardization of management and

staff from the involved agencies and consortia.

(2) Costinformation will be collected.

(3) The processes used in the three pilot studies to share individual results with the
respondents will be reviewed and compared. The respondents may be interviewed
to determine how well they understood what was provided and what questions were
not answered. 1n afocus group setting, the same data information using each of the
three study processes will be tested to allow direct comparison of approaches and
determine the best means of sharing data.

(4) Interviewswith thelocal and state agencies that received notification from any of
the three studies for measured values exceeding state or local reporting thresholds
will be held. The process by which the data were shared, what each agency did after
receiving the data, and the range of thresholds reported by the states, and their role
in release of data and dissemination of results will be reviewed.

(5) Thereporting mechanismsfor the three studies will be reviewed for common
approaches. The utility of the reportswill be assessed. Attemptswill be madeto
determine what means of datareporting are of value to different levels of users, and
to develop a basic format to be used in reporting composite datato subjects.

(6) Recommendationswill be made for an optimum scale-up strategy and a
communication evaluation manual will be devel oped.

Data or Input Cost data; available documentation; NHEXAS database; copies of material used by each
Needs: member of the consortium to provide results to the respondents and data to local, state,
and federal agencies
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Feasibility Feasible; all information ultimately available. Communications assessment may proceed
(of analyseswith immediately without access to the NHEXAS database. Recontacting participants and
current NHEXAS state and local representatives may be problematic.

databases):
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(cont'd)

Resear ch Outputs

(1) Collect needed data and compare NHEXA'S processes
(2) Completelocal/state interviews

(3) Final outputs: Report recommending approaches for effective communication. Report recommending

oeti mum scal eug stratgx

NOTE: Crosswalk to NHEXAS Data Analysis Workshop (EPA 600/R-99/077, 1999) Projects LL-9 and LL-12.
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Project Name: DES-04. Influence of I ncentives, Response Rates, and Nonresponse Bias on Survey Design
Short Project Analysis of NHEXAS recruitment procedures and incentives and their effects on response
Description: rates for various subpopulations will be conducted. Analysis of potential biasresulting from

NHEXAS nonresponse based on information obtained from the descriptive questionnaire,
and information/observations recorded by interviewers on noncontacts or nonrespondents
for each study and for various subpopul ations are important elementsin the design of future
studies.

Goal/Objective: Determine the recruitment procedures and incentives that should be recommended for a
national NHEXAS or other large field study. Determine the extent of nonresponse bias that
can be expected at each stage of these studies.

Significance of Projected participant incentives and response rates will be a major consideration for OMB
Project: approval of anational NHEXAS. It will be necessary to project reasonably high response
rates and to justify the incentives and procedures proposed to achieve those response rates.
Suggested Contrast recruitment strategies, information provided to potential respondents, incentives,
Approach: and response rates across (and within, where feasible) the NHEXAS pilot studies for

subpopulations of interest. Compare recruitment procedures, incentives, and response rates
with those from other studies collecting comparable data (e.g., TEAM and NHANES). Use
the NHEXA'S Descriptive Questionnaire data to compare characteristics or respondents and
nonrespondents for each NHEXAS pilot study, stage of participation, and subpopulations
of interest (e.g., race/ethnicity, gender, urbanicity).

Dataor Input Indicators from each NHEXAS pilot study of participation for each stage of the study:
Needs: househol ds contacted (no answer/refusals/number of contacts), descriptive questionnaire,
baseline questionnaire, core monitoring, and sampling for each matrix and pollutant.
Documentation of the recruitment procedures (including information provided, informed
consent, approaches used for questionnaires and sampling, communications and contacts
with press’community, etc.) and incentives used by each NHEXAS pilot study.

NHEXA'S descriptive questionnaire data.

Incentives, recruitment procedures, and response rates for other studies collecting
comparable data (e.g., TEAM and NHANES)

Quality Systems Implementation Plans, protocols for survey sampling and training manuals
for survey teams

Feasibility Must complete QC on descriptive questionnaire data for each NHEXAS consortium.

(of analyseswith Must complete NHEXAS chemical analyses, set respondent flags, and QC those flags.
current NHEXAS | Must document all NHEXASS respondent selection procedures for each stage of each study.
databases):

Resear ch Outputs

(1) Secure necessary data; QA data

(2) Final output: Impact of response rates on survey design
L]

NOTE: Crosswalk to NHEXAS Data Analysis Workshop (EPA 600/R-99/077, 1999) ProjectsLL-5 and A-11.
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Project Name: DES-05. Cost-Effectiveness of Exposure Measuresand Comparisonsto Indirect
Methods

Short Project This project evaluates the cost-effectiveness of exposure measures for pollutants and

Description: pathways using decision analysis, value of information, and cost-benefit analysis

techniques. Datafrom NHEXAS pilot studies questionnaires, environmental sampling,
personal sampling, and biomarkers will be analyzed to assess the reproducibility,
accuracy, limits of detection (LODs), ranges, interferences, uncertainty, and costs, for
the purpose of evaluating direct measures relative to indirect methods based on existing
dataand models. From the analysis, identify methods that were unsuccessful and other
methods (i.e., questionnaires, simplified or indirect sampling schemes) that could serve
as screening toolsin large-scal e exposure studies to classify more highly exposed
individuals and reduce costs.

Goal/Objective: (1) Compare the costs and benefits of methods used to characterize multimedia
exposures and examine their implications on sampl e size needs, sampling costs and
burdens to the study subjects;

(2) Evaluatethe utility of low-cost screening methods for identifying households or
subj ects requiring more intensive monitoring and for providing data useful for
exposure assessment (e.g., distributions).

(3) Assessthe cost and uncertainty differences among exposure models using
screening level measurements, questionnaire information, nonprobability samples
(i.e., purposive samples), and existing exposure-rel ated datarelative to the NHEXAS
measurements and study designs.

Significance of Multimedia, multipathway studies are expensive to implement. Screening methods are
Project: needed to provide alow-cost approach that can identify highly exposed individuals and
identifying which samples or media should be analyzed. In addition, screening methods
with sufficient quantitative power may provide data adequate for exposure analysis and
modeling. This study will identify the incremental differencesin model performance
associated with more detailed (sensitive and accurate) methods, and with representative
popul ation samples—relative to more focused stratified or specialized substudies. This
study will provide information on how to minimize costs and prioritize resource
allocations for the design of future NHEXAS and other large-scal e exposure studies.

Suggested (1) Identify screening methods, or methods and questionnaire data that could be used

Approach: for screening, from the NHEXAS pilot studies and assess the ranges,
reproducibility, accuracy (i.e., false positives/fal se negatives) and LODS for
identified screening methods with more rigorous and expensive methods.

(2) Determine which methods were successful (or could be successful) and those that
were not.

(3) Assessthe cost and burden (participant and field staff) of methods used in the
NHEXAS pilot studies and devel oped more recently, that show promise for usein
future studies.

(4) Compare exposure models derived from measurement with different sensitivities
(e.g., questionnaires and screening measures with differencesin analytical
performance) with models using subject-specific chemical measurements,
characteristics, and activities.

(5) Develop methods selection criteria
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(cont'd)

Dataor Input (1) A listing of field and analysis methods with performance data used by each

Needs: NHEXAS pilot study

(2) Concentration, biomarker, questionnaire, and time/activity data

(3) Information about the time and effort needed to implement each field collection or
measurement method and any associated |aboratory and analysis costs, particularly
for paired low-cost/high-cost methods at homes where both were employed.

(4) Exposure and intake models from each study

Feasibility High, there are sufficient data groups to allow the proposed analysis. Some examples
(of analyseswith include, for VOCs, photoionization detector, and passive diffusion badges versus
current NHEXAS actively pumped sorbent tubes; for pesticides, immunoassay methods and analyses by
databases): gas chromatography with various detectors; for metals, X RF versusinductively coupled

plasma (ICP) with various detectors, AES, and ICP/MS; for PAHsin air, rea-time PAH
monitor. Limitationsinclude equivalency in terms of temporal and geographic variability,
SES/demographic/popul ation variability/representativeness, collection and analytical
methods.

Resear ch Outputs

(1) Compilelistings of methodology and associated data (QC, range, LOD) from databases; obtain cost
information and models from each NHEXAS study for comparisons

(2) Generate statistical comparison data sets of paired sample results, assessment of success and cost of
potential screening methods

(3) Final outputs: Final reports and peer reviewed publications describing screening method assessment

results, methods selection criteria, and model performance
. _____________________________________________________________________________________________________________________________|

NOTE: Crosswalk to NHEXAS Data Analysis Workshop (EPA 600/R-99/077, 1999) ProjectsLL-6, LL-8, EA-08,
and A-11.
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Project Name:

DES-06. Optimizing NHEXAS Pilot Information and Methods To Moveto a National-
Scale Exposure Field Study

Short Project
Description:

A thorough evaluation will be performed of single- and multimedia pollutant issues and
regulatory initiatives for the purpose of contributing to the design of anational-scale
exposure field study. The information obtained in the pilot studies and other source
and effectsinformation will be utilized to prioritize the selection of pollutants and
pathways |eading to exposure. Included would be an evaluation of the ability of each
consortium to achieve the objectives or hypotheses originally proposed for each type
of investigation. This project will capture and integrate the knowledge gleaned from the
analysis, interpretation, and evaluation of the experiencesin undertaking the NHEXAS
pilot studies for assisting in designing and planning the next generation of NHEXAS-
type or other major field studies.

Goal/Objective:

(1) Tocompilethe results and conclusions from the analyses conducted by the
NHEXAS studies and eval uate the successes and failures in achieving the original
hypotheses;

(2) Todocument the successes and shortcomings of the NHEXA'S pilot studies based
on the outcomes of implementing the Strategic Analysis Plan;

(3) To build aknowledge base on the current and emerging scientific and regulatory
i ssues associated with pollutants and their occurrence in multimedia;

(4) To build aknowledge base on the prevalence of xenobiotics measured in biological
samples from human populations;

(6) Todevelop strategiesfor optimizing exposure information that permit effective
management and reduction programs;

(7) Tolink the above information to support moving forward, as part of the input to the
design of the national-scale exposure field study.

Significance of
Project:

The products and outcome of this effort provide justification and a defensible scientific
basis to design and implement a national-scal e exposure field study.

Suggested
Approach:

(1) Obtain completed significant analyses on the databases and information content
obtained by each consortium and from the implementation of the Strategic Analysis
Plan.

(2) Utilizeamultidisciplinary team to conduct an overall evaluation of the NHEXAS
pilot studies;

(3) ldentify ateam of scientists to work with the program offices, other government
agencies, states, and other stakeholders to acquire the knowledge base for
selecting and prioritizing pollutants and pathways and for identifying innovative
exposure reduction strategies.

(4) Evaluate the success and completeness of the above in workshops composed of
EPA and extramural scientists, other professionals, partners and stakeholders.
Incorporate the output from the workshops to refine and augment the knowledge
base to be used for designing the national-scal e exposure field study.

Data or Input
Needs:

The analyses conducted to achieve each study’ s hypotheses and objectives and the
results from the implementation of the Strategic Analysis Plan. The project initiation is
contingent on having sufficiently completed products from other projectsin the
Strategic Analysis Plan. Information is obtained from the analyses conducted, program
office activities and initiatives, NHANES, other exposure and health-related studies
(e.g., EPA/ORD STAR Grant Program, NIEHS, National Cancer Institute, Health Effects
Institute, National Institute for Occupational Safety and Health, ATSDR), and state
exposure data and pollution reduction initiatives.
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(cont'd)
Feasibility High, if the Strategic Analysis Plan isimplemented in atimely manner, including the
(of analyseswith projects analyzing and documenting the lessons |earned.
current NHEXAS
databases):

Resear ch Outputs

(1) Evaluate information and summarize findings
(2) ldentify strategies and conduct workshops

(3) Final outputs: Synthesis of information and transferring output to support moving to future large-scale

exposure field studies
_________________________________________________________________________________________________________________________________|

NOTE: Crosswalk to NHEXAS Data Analysis Workshop (EPA 600/R-99/077, 1999) Project LL-3 and LL-4.
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DES-07. Cross-Studies Evaluation and Recommendationsfor Standar dization of Data
Management Proceduresin L arge-Scale Exposure Field Studies

Short Project
Description:

This project will analyze the data collection and automated survey management
procedures developed for each NHEXAS pilot study from sampling, through sample
analysisand toinclusion in thefinal database. The data QA/QC procedures and QC data
will be evaluated, and the resulting database structures will be examined. The strengths
and weaknesses of the three approaches will be noted with respect to ongoing EPA data
management initiatives. NHEXAS pilot QC datawill be analyzed, and recommendations
for future studies will be developed. These recommendations will include areas that
would benefit from standardization; for example, datatransfer from analytical laboratories,
database elements, QA/QC codes, information shells, etc.

Goal/Objective:

To have appropriate conventions and procedures for recording data and data quality and
toincrease the efficiency of future data collection efforts.

Significance of
Project:

Management of large EPA databases as a valued resource is currently ahigh priority
within EPA. Procedures and conventions used to manage the integrity of data are
evolving but are essential to both primary and secondary data users. The NHEXAS
studies are an excellent opportunity to analyze the procedures used by three different
organizations to develop and popul ate study databases. Results of this project will be
used for improving/optimizing data collection and storage for future human exposure
studies and other EPA primary data collection efforts.

Suggested
Approach:

(1) Assessthe data management processes and conventions used in each NHEXAS
pilot study.

(2) Review the status of EPA efforts with respect to Reinventing Environmental
Information (REI), specifically, current status of data standards (Chemical ID,
Location ID, etc.), the Environmental Data Registry (EDR), the Environmental
Information Management System (EIMS) and any other relevant effortsto insure the
quality and accessability of EPA databases.

(3) With stakeholder input (EPA program offices, involved Federal agencies, etc.),
recommend application of EPA conventions and procedures for afuture national -
scale NHEXAS or other large exposure field database. Recommend conventionsin
areas where none exist. Conventions that document the limitations of the data are
particularly important.

(4) Analyzeavailable quality control information (i.e., batch level laboratory QC
information) and develop Data Quality Indicators that can be stored with the data for
the benefit of data users.

Data or Input
Needs:

Needed information for each consortium: data management plan/procedures; field data
collection procedures; procedures for transferring the field, analytical,
questionnaire/diary and related datainto the final databases; data QA/QC procedures,
and final database design. Each consortium also will need to provide an analysis of how
well their procedures worked and problems encountered.

Feasibility

(of analyseswith
current NHEXAS
databases):

Data collection and processing SOPs are available from each consortium. The analysis of
how well the procedures worked in each consortium will need to be donein the relatively
near future, while the staff involved are till available. EPA-level initiativesin thisareaare
active and ongoing.

Resear ch Outputs

(1) Callect and review NHEXAS SOPs and QA documentation
(2) Final output: A data management strategic plan for future exposure studies

NOTE: Crosswalk to NHEXAS Data Analysis Workshop (EPA 600/R-99/077, 1999) Project LL-13.
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DESIGNING EXPOSURE STUDIES PROJECT

. ___________________________________________________________________________________________|
Project Name: DES-08. Evaluation of NHEXAS Results To Derivean Optimal Set of QA/QC Activities
for Human Exposure Fidd Studies

Short Project This project will identify and evaluate the QA/QC across laboratories and consortia. This
Description: will include an analysis of the NIST and comparability study data. The project will
develop an annotated inventory of recommended QA/QC activities needed to
successfully conduct large-scal e human exposure measurement studies. Thiswill include
all phases of the study from planning to final database development.

Goal/Objective: The goal of this project isto provide an optimum set of QA/QC activities for future
human exposure studies. Thisis heeded to assure that the studies produce data of the
required quality while keeping costs to a minimum.

Significance of Effective QA/QC is essential to produce high-quality data from the funds invested in any
Project: field exposure study. Because of the high cost of these types of studies, it isalso
important not to include unnecessary QA/QC that might increase costs. By examining
the QA/QC used in the NHEXAS studies, guidance can be devel oped for this critical
study component.

Suggested (1) ldentify the QA/QC activities performed by each consortium and laboratory,

Approach: including the NIST standards and performance eval uations studies, the
interlaboratory comparability study, QA documentation, reviews, audit reports,
reviews of field performance, and QA samples.

(2) Evaluate the success of each activity and the benefitsit provided to the study.

(3) ldentify areas where data quality could have been improved with additional QA/QC
activities or areas where excess QA/QC activities might have been employed.

(4) Develop an annotated inventory of the recommended QA/QC activities needed to
conduct alarge-scale human exposure study.

Dataor Input Accessis needed to the complete NHEXAS database and documentation, including all
Needs: QA/QC information of each consortium and laboratory and the NIST and comparability
study results and reports.

Feasibility The study isfeasible using data from the NHEXAS database. A mixture of laboratory,
(of analyseswith field and QA expertiseis needed to evaluate information.

current NHEXAS
databases):

Resear ch Outputs

(1) Review consortiadocuments

(2) Final outputs:
«Consolidate information from documents and devel op annotated inventory
*Guidance document on optimal QA/QC for human exposure field studies
_________________________________________________________________________________________________________________________________|

NOTE: Crosswalk to NHEXAS Data Analysis Workshop (EPA 600/R-99/077, 1999) Project LL-10.
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